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l.INTRODUCTION: 

The following is brief description of most of the tests undertaken during 
the Clean Coal project. It purpo6e is to provide a historical record of the 
project and to show the procedures that were used to meet the project objec- 

. tives and to resolve operational difficulties. The tests begin with the Phase 
2 6hakedoun tests in November 1987 and end with the final 4 day test in Nay 
1990. The descriptions contained in this Appendix are mostly contemporaneous 
with the period during which the individual test6 were conducted. The final 
data analysis, evaluations, and conclusions are contained in the Final Report 
Section of this Report, as well a6 in Appendix II. Beginning on page A-I-43, a 
tabular listing is given of the total thermal input, percent coal input, first 
and eecond Stage 6tOiChiOUBtrie6 for all the test6 With the second combustor 
wall liner. The first test in this table, pc9, corresponds to the 11th test. 
performed on 5/24,25,1988. (see Pase A-I-71. and the last one, X26, is the 
final testinthe Clean Coal project. 

2. TEST HISTORY 

Test: (PII-A): 11/10/87. Test Goals: hot shakedown of combustor on 
coal Water slurry (CWS). Major di6cOV6rieSk66Ult6: 

-Noted excessive vibration in, and noise from. the hi& pressure ccoling/ccmb~- 
tion air fan. According to the manufacturer, problem was mainly caused by 
operation of the fan in the surge mode a6 well a6 the set-up of standing wave6 
in the downstream piping. The short-term solution ma6 to operate above the 
surge mode and put acoustic insulation on th6 piping. This proved only 
partially effective. The low-term solution was to reduce the fan outlet 
pressure by returning the fan to the manufacturer for replacement of the fan 
wheel. This was implemented prior to the Tenth Test at no cost to Coal Tech 

* and it eliminated the noise problem entirely. 

-Comtustion efficiency on CWS estimated to be near 100%. 

Secbnd (PC-l): 11/19/87. Test Goals: first attempt at Fulverized 
coal (PC) op6ration. Major discoveries/results: 
-Operated for 6 hi-6 on PC at total fuel heat input6 of 14 to 16 MBTU/hr. 

A-I-1 



-Stack particulate scrubber performed well, giving a clean white stea~r~ plume at 
venturi delta-P = 14" WC. 
-Experienced numerous nuisance W fire eye tripout due to shadowing of the 
view port by the emergirrzcoal stream. Modified coal injection (modification 
gl) prior to next test. .. 
-PC 66tiI'E&&d Combustion 6ffiCienCy < SOS4 plU6 significant slag/ash carry-over 
into then boiler. 
-Oscillation. ir.PC flow of ~7% at 900 PPH. Attributed to excessive 
interaction of PC pneumatic line ~uith of coal feed hopper. Before the next 
test, piping was rearranged t0 EdUC6 this interaction. 

TbirdTest:(PC-21,; ,12/8/87. Test Goale: evaluate modified PC injection for 
fire eye, combustion efficiency, and slag/ash carry-over effects: evaluate 
rearremged pneumatic feed line for PC flow effects. Major di6COVerieS/re6Ult6: 

-PC in the feed hopper wa6 caked or in clumps, resulting inpC flow surges 
cau6ing upsets in co&u&or pre66ure This prevented evaluation of eductor 
operation. 

-Modified PC injection did not improve PC combustion efficiency or solids 
retention in the combustor. The quality of the PC, ae noted above. may have 
been a contributing factor to, this result. It appears that mi6tUr6 or tramP 

material had,entered the coal SUPPLY at the pulverization company site. 

-SCNbber perfOrmen was poor. tie to s~n$ing PC flow it wa6 decided to 
evaluate 6cNbber performance during another test with better PC flow 
conditions. 

All the above tests were perfo,rmed with coal fuel pre-heat of the 
combustor. 

Fourth (PC-S): E/16/87. Test &x16: attempt to improves PC combus- 
tion efficiency and comtu6tor solids,Etention by - 
-thermal evaluate second pneumatic line rearrangement for 
PC flow effects. Major diSCOveri66/~6UltS: 
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-No significantcomtustor pm-heatingwas aChi6veddue to use of a toonarrow 
light oil gun spray angle. 

. 
-PC flow oscillation6 were reduced to +3% at 600 PRi but 6Cmbb6r still 
performed poorly, ~lling only 8" WC delta-P. It wa6 subaequ6ntly'discovered 

. that significant arrcunts of unturned coal had d6poSited in the boiler passages. 
presumably during the previous test, thereby choking ga6 flow to the 6CNbber 
and reducing it6 efficiencv. Boiler and gas flow train were cleaned prior to 
the next test. 

-R: comtu6tion efficiency and Combxtor 6olid6 retention were still too low. 

Eifth (x-4); l/6, 7/m. Test Goals: evaluate 6CNbb6r parfommnce; 
again attempt to improve PC Combxtion efficiency and Comlx6tor solid6 
retention by pm-heating combustor with high thermal inxxat light oil burner, 
but this time with a wide angle spray nozzle; evaluate modified (modification 
tt2) PC injection effect6 on PC comtu6tion efficiency and comtu6tor solid6 
retentiOn. Major diSCOVerie6/~6Ult6: 

-Scrubber operation wti once againgood. 

-Uee~of wide angle light oil 6nraY nozzle reSUlted in effective co&u&or me- 
hsating. 

-At 700 PPKFC oscillations in flow were back at ~7%. 

-PC comtnxtion efficiency was not improved. 

-Ccmtustor solids retention qualitatively improved. Visual observation6 
indicated that slag very viscou6 and flowing poorly. Same 6166 did come through 

. th6 tap; however, the bulk of the slag remained on the comb*stor walls and 
hearth. subsequ6nt lab aMlYSi6 showed that the glass-like slag compxition 
corresponded tocoal ash with no Carbon present. Analyeis of Coal ash 
indicated that it wa6 highly refractory. having a T-250 = 2800 F, and therefore 
requiring additives for fluxing. To help in thie area a different Coal was 
reSUe6ted frCZL!PP&L, haVins a lOw6r fLEiOnte6PeratUJX ash. This ~oalwa6 
receiv6d.befor-e the next test. 
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-Attempt to inject limeStir+ to flux the slag failed due to blockage in the 
limestone feed. SY6tem uzsraded Prior to next test. 

-h.wection of the Fc eductor showed excessive wear. The eductor ties replaced 
by a hi&er quality unit. 

-((PC-5): l/19, 20,/88. Test Goals: evaluate upgraded limestone 
(LS) feed system and effect6 of LS in.iection and new coal on slagging. Major 
discoveries/results: 

-LS feed syetem worked well and had desired effect~on coal ash/slag, fluxing 
the residual slag from the last test and producing copious amounts of liquid 
slag in the Combu6tor. However~. the slag tap blocked early on due to slag 
flooding and p3or air/fuel ratio adjustment on the slap tap heater which 
allowed the slag in the tap to cool too quickly. Slag tap heating properly 
adjusted prior to next test. In addition, coal ash chemical qnalysis showed 
that the new coal EC #2 ) had almost the same T-250 as the old co61 (PC #l). 
end ~66 therefore of no benefit in the effort to imProve sla&zing. 

-New H: eductor resulted in flow oscillation6 of ~11% at 1000 PPH. 

-With first time Ls injection reductions of 7 to 36% in So2 were measured at 
the boiler outlet at Ca/S q 2 to 4. Subsequent analysis of the slag showed the 
presence of significant amounts of sulfur only in the presence of CaO from the 
LS. In addition, 98.5% of this reta$ned eulfur wa6 unreactive a6 per the EPA 
Reactivity Test for 6ulfide6, i.e. evolved sulfide < 48 w/kg v6. limit of 500 
mg/kg. Further, cyanide reactivity was fcurdto be < 0.5 n&kg v6. limit of 250 
r&kg; this result was duplicated for slag 66mples frum the eighth and ninth 
tests. 

-With stag6d combu6tion, NCk levels at the biler outlet were reduced by 60% 
from the unstaged, excess air (XSA) values. This correspond6 toatout200 pw, 
normalized to 3% oxygen, or 75 Pam at ge5 turbine outlet conditions, namelv 15% 
oxygen. 

-PC combustion efficiency we6 estimated to be = or ( 95%. 
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-Slag sample chemical analySi6, available on a,two week turn-6roun d. showed evi- 
dence of chemical interaction between the liner refractpry material and the 
sleg even though the'slag still retained the 6ame glassy appearence a6 previous- 
ly. Vi6uel observations indicated minimal liner degradation. 

Seventh (E-6); 2/3, 4/88. Test Goals: gauge effect6 of ProPerlY 
edjU6ted 6164 tap turner (STEl) on 61643 tap operation. Major discoveries/re- 
SUlt6: 

-he to presence of rocks in the E deliv6Ed by the grinding company, the x 
flow splitter blocked end the PC screw feed motor coupling sheared when the 
6crew jaKMd. resulting in early tHInitI&iOn Of the t&St. It wa6 later 
determined that this contamination may have been wilful. 

Eiahth W-7); 2/16. 17/88. Test Goals: gauge effects of ProperlY 
adjusted 61~ heating (STB) on slag tap operation. Major diq2OVerie6/re6Ult6: 

-mperly adjusted STB plus Continued u8e of LS to flux the coal ash/slag 
reSUlted in good slag flow through the tap and into the 616~3 quench tank 
(%!T). After,7 hrs on co61 the tap wa6 still open at the end of the test. A 

* I!BSB balance of comtu6tor solids yielded a -of 70 tQ 

Ed&L. 

-PC flow averaged 800 m with an oscillation of +5%. Post- test examination 
showed two coal ports blocked. probably not thoroughly cleared after the 
PreCeding test. This resulted in limited coal flow. All PC line6 cleared 
prior to the next test. 

-PC combstion efficiencv wa6 estimated to te 5 or > 95%. 

-With LS injection at Ca/S = 3 to 5, reductions in So2 of 16 to 39% were 
measured at the boiler outlet. Slacl 6amp~es again showed significant amounts 
of sulfur only if LS-CaO al.60 present. 

-Slag Chemical analysis again gave evidence of chemical reaction between liner 
end slag. Slag Contaminated with liner materials wa6, during this test. highly 

A-I-5 



porous in appearance and yielded sulfide reactivities about 30% hi&her than the 
limit. Slag leach testing (Ep Toxicity Test) for hexavalent chrome yielded < 
0.01 mg/L (chrome standard = 5 s/L) even with sbificant chrome in the slag. 

wTest:Fc-8); Z/24/88. Test Goals: attempt to duplicate good over- 
all combustor performance at higher PC flows and with a richer first stage. 
Major discoveries/results: 

-'here was good slag flow through the tap and into the m. The slag tap re- 
mained open throughout the test. 

-With all four coal ports open the average PC flow was 800 PPH with an ,oscil- 
lation of ~17%. Oscillation was believed to be due to continued excessive 
interaction between the pneumatic line and the coal feed hopper. Prior- to the 
next test the meumatic line was further modified to try 'cc further this inter- 
action effect. 

-king tothe very high oscillation in the coal flow, the first stage stoichio-, 
metry was not adjustable. 

-Persistent over-temperature readings on one of the combustor thermocouples 
(TC's) brought about early termination of the test. Post-test evaluation of the 
combustor liner gave evidence of partial liner failure due to therm& and 
chemical causes. Initial assumption was that the cause of liner failure was 
refractorv natureof~the coal ash, requiring LS injection and hi& liner 
temperatures to achieve sufficient fluidity for slagging. Solution was three- 
fold: (11 request from PP&L a new coal (PC 831, having a less refractory ash; 
(2) install a new liner material having thermal and chemical properties more 
compatible with the coal types used or anticipated: (31 implement a new TC 
arrangement to directly monitor liner temperatures. Post test liner materials 
analysis by X ray diffraction and other tests, as well as a liner stress 
analysis showed that the liner failurewas due to thermal ,stresses caused in 
large part by poor fabrication of the liner assembly. 

-Analysis of total suspended solids in the scrubber water indicated that the 
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discharged levels of cadmium. copper. and selenium werewell'below the limit6 
prescribed by the Williamsport Sanitary Authority. 

-Slag analysis showed presence of liner; resultant porous slag had sulfide 
reactivity abut 10% above the limit. 

. 
E&h-&&L (CC-l); 5/10, 11/88. Test Coals: thermally cure new combustor 

refractory liner; develop thermal "calibration- data and a heat-up/cool-down 
procedure for the new liner on light oil; evaluate suitability of new TC 
arrargement for combustor operation'control. Major discoveries/results: 

-A "calibration" curve of wall heat flux vs. total fuel heat input CQ,) a6 well 
as heat-up/cool-down procedure6 were developed. 
-The new TC arrangement proved adequate for cornbuSt& control and yielded 
reasonable values for liner temperatures. 

Eleventh (E-9); 5/24. 25/88. Test Gcals:'evaluate new liner and 
operating procedures on PC (PC tr3). Major discoveries/results: 

-PC comb&&on efficiency estimated = or < 95%. PC average flow:420 PPH with 
oscillation = f_3%. 

-We~ured uall heat flux agreed with "calibration" curve. 

-With no LS iniection the measured SC2 was reduced by 39% between the boiler- 
outlet and the~scrubber stack. With LS injection at C&/S : 1 there was a 34% 
reduction in SC2 at the boiler outlet; however. at the scrubber stack therewas 
no additional decrease in measured SC2. 

-With LS injection there was good slag flow through the tap and into the SQT; 
. however, plugging of the t.ap,seemed imminent near the end of the test. 

Analysis of the coal ash compo6ition yielded T-250's = 2725 F, (oxidising) and 
2450 F (reducing), which are only slightly better than the previous coals. 
Prior to the next test a refractory extension to the slag tap chamber was 
installed to try to forestall slag hang-up or attachment in that area of the 
slag drop-out chute. 
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Twelfth' (PC-lo);, 6fl; 8/88. Test Goals: attempt to duplicate good 
results of previous test,,revaluate performance of refractory slag tap chamber 
extension, and clarify So2 capture results. Major discoveries-results: 

-Test was terminated early due to slag tap blockage. Post-test inspection 

showed that the blockage ~started in the recently installed refractory 
extension. This extension was removed prior to the next test. 

-PC flow wa6 385 FFH ~12%. BeSideS pneumatic line .suction effects it appeared 
that the PC was hanging up in the screw feed hoppar such,that the operation of 
the hi& level switch, which controls rotary valve feed to the hopper, was 
being interfered with. ,To try to deal with this, a vibrator was installed on 
the hopper before the next test. In addition the pneumatic system was 
reconfigured to prevent fugitive coal dust emission6 to atmosphere. 

Thirteenth (PC-111; 6/29/88. Test Goale: evaluate effect6 of hopper 
vibrator and fugitive dust collector on PC feed. Major discoverie6/r6sults: 

-PC feed averaged 800 PF'H ~8%. This is worse than the k3% obtained in the 
tenth test. Evaluation of hopper-fill rotary valve operation during the test, 
indicated that the vibrator was not adequately dislodging PC accumulated on the 
hopper walls such that the,FC hopper bed height fluctuated over a wide range. 
After discussion6 with the vibratormanufacturer it is planned to install a 
second vibrator to attempt to minimize wall hang-up.. In addition. analysis of 
all available coal flow data suggested that the fugitive coal dust collector 
offered too much flow resistance for~the~pneumatic line to operate properly., 
Modification6 tc the dust collector were made to overcome this problem. 

-PC combustion efficiency ~estimated near 100%. 

-No reduction in measured So2 at the boiler outlet occurred with LS injection 
at C-a/S = 0.5 to 2.5, but first stage inverse equivalence ratio was not 
optimised for this test. However, there was a 4S%raduction in measured SO2 
between the boiler outlet and the scrubber stack. 
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.w: PC 12: 8/16/88. Test Goals: &valuate effect6 of a added 
heat inzut to slag tap on tap operation; evaluate effect6 of a new Coal (FT&L 
PC g4: HHV = 12,590 Btu/lb: Moisture = 2.65 %i Volatile'Matter = 34.3 %; Carbon . 
= 68.0 %; Ash = 13.0 %; Sulfur = 2.48 %I on coal comtustion and ~la&ng 
properties; valuate effects of second feed homr vibrator 86 well a6 
additional Erneumatic line modifications on coal flow stability. Major 
discoveries/resu~ts: 

- With abut two hcurs on coal the average flow was 1027 FFH f 3 %: the flow 
variability teti reduced considerably. 

- Coal combustion efficiency 94 to 99 % based on stack gas and particulate 
analy6is. 

- At Ca/S = 1.0 to 1.4 the measured reduction of So2 in the boiler outlet was 
'30 to 35.% with a near stoichiometric fir6t stage; similar to,the re6ults of 
Test Nine, the scrubber had no effect on measured So2 when sorbsnt~was Wetted 
into the comtustor. 

- Slag samples show& the Presence of extrana refractory material. Since 
th&e were up to four potential source6 for material having the observed 
general composition, the origin was not clear althcugh it did not appear to be 
fromtheliner or slag tap. BY inference, itwap thoughtthatthe scurce wa6 
the refractory cement used to fabricate the slaa dam in t&&exit nozzle throat 
or possibly exit nozzle material; if so, gradual 1066 of the dam was no cause 
for concern a~ it wa6 being repknished ty slag. 

- Test was stopped when slag tap blocked. Prior to the next test, the slag ,tap 
wan modified to provide access port6 for a mechanicalbreaker tobsmedif the 
slag tapbecame blocked. 

In addition, the bare metal section of the slag tap wa6 coated with refractory 
since this area had been identified aa a soume of,sl.ag freezing, leading to 
eventual blockage. 
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FifteenthTest.~ (E-13); 9/l. 2/88. Test Goals: aim at trouble-free'slag 
tap operation or.,in the event of slag tap blockage, evaluate the u6e of a " 
mechanical breaker for reopen& the tap. Major discoveries/results: 

- After only about,a 'half-hour on coal the testhad to be terminated whenhot 
combustion gases broke out into the room through the slag chute flange. This 
occurred because the flange gasket was improperly installed. 

- Slag samples, which were residual from Test Twelve, again showed "extra" high- 
non-coal slag refractory material plus 6ome iron oxide. This refractory was 
again thought to be from the slag dam uhile the iron was attributed to the 
chute which had become red-hot at one point during the preceding test when slag 
collected on a metal section of the slag tap section. 

Tent: (PC-14);'9/22/88. Test Goals: aim at trouble-free slag 
tap operation or, ,in the~event of slag tap blockage, evaluate the u6e of the 
mechanical breaker for reopening the tap. :Major discoverie6/re6ults: 

- Coal flow over two hour6 averaged 1220 F'F'H + 1.5 X, i.e. there wa6 almost no i, 
flow fluctuation. 

- Testy ended with,slag tap still open. 

- Measured comtitor slagrejection wa6 70 to 80 %. 

- At C&S = ~0.7 to 1.8, the'measured reduction in SO2 in the boiler outlet 'was 
14 to 20'% with the first stage near stoichiometric. 

-Test ended when.hot combustiongasesvented into the room through small-onen- 
ings ii! the boileraccess door while a fairly wide sectiort of the front~boiler- 
plate surrounding the exit noazle,became red-hot. Detailed thennomschanical 
and heat transfer analysis has led IX the conclusion that failure was mainly 
due to poor:iTUjulating and thermal resistance prorerties of original refracto- 
ries installed in the boiler which were'not removed when the combustor wa6 
retrofitted to the boiler. In retrospect, evidence of the onset of this pro-' 
blem cccurred at the end of Test Eleven when hot combustion gases vented into 
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the man thrcugh the gap between the exit nozzle flange and the. front boiler- 
plate. TM.6 develwt was originally, a6 it turned c&. erroneously attri- 
tuted to lsakage originating from the Tertiary Air mrts. The solution at that . 
time was tom&e the ports andthe flange/boilerplate interface ga6-tight by 
welding the gage shut. This actually aggravated ths problem by eliminating 
that gas relief point, and lad to the refractory breakdown in the boiler front 
wall. 

-New materials and installation design were implemented following a detailed 
two dimensional heat transfer analysis of the comb&or exit nozzle-boiler 
interface. 

B : CC-2; 11/3/88. Test Goals: on light oil only, cure new 
refractories used to repair ths exit nozzle/boiler front wall and,obtain their 
themal characteristics via e&added TC's for future diagnostic monitoring. 
Major discoveries/results: 

- With abcut6 to 8 HMBtu/hrlightoilinp~t, the exit nozzle was brought up to 
around 1000 to 1200 F at the prescribed rate. Liner therms1 performance wa6 
the same a6 in the original calibration test, CC- 1. of 5/10.11/88. 

V: (E-15); U/8,9/88. Test Goals: evaluate operation of a 
newly installed hot gas bypass line to establish fuel rich conditions in the 
amtustor. and collect time resolved data/samples for slag, scnibbsr water. and 
boiler outlet plue fan stack gase6. In addition, evaluate the utility of new 
andvery novelsechanicalslagbreaker egumnt in6talled in the slag chute 
for clearing away slag blockage6 in the tap. Major discoveries/rasuits: 

- The hot ga6 bype66 line was too emall and did not allow anough air bleed to 
desired fuel condition6 in the oombustor. It was decided to install a, larger 

L line prior to the next test. 

- The unit was operated at 5 to 10 MMBtu/hr at first stage theoretical air 
fraction6 of 1.1 to 2.0. consuming about 1.2 tin6 of FC. Overall comtition 
efficiency exceeded 98%. 
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- The measured comtustor slag rejection was > 70%. Slag was perceived a6 too 
viscous, resulting in periodic tap blockages. Mechanical mean6 were only 
partially effective in removing slag blockages. The slag viscosity was subse- 

quently attributed a6 the cause of this blockage. 

- The temperature responses time of the newly installed boiler refractory wall 
(part of the exit nozzle/boiler refractory rebuild), with regard to gross 
change6 in thermal conditions, was measured. Itwa6 determinedthatan 
additional modifications to the wall the~rmal profile was indicated, and this 
was implemented prior to the next test., without this change. continuous 10~ 
duration operation would have been more complicated. 

- At C&S = 0,5 to3.0, the measured reduction in So2 in the boiler/outlet was 
0 to 18 %. However, with and without limestone (LSJ injection the,scrubter 
removedfrom around 10 ,to 35 % of the.SO2; the detail6 of this interaction are 
not yet clear. 

Nineteenth ~(PC-16); 12/13,14/@. Ta6t Goals: evaluate new hot gas 
bypass line for establishing desired combustor conditions and collect date aa 
noted for test PC-15. Evaluate comtitor-boiler interface thermal profile with 
new modification. Evaluate general performance of new slag chute feature6 for 
keeping the tap~.open. Perform a consecutive, two-day test on PC with the first 
day at fuel&lean conditions,.and the second day at fuel-rich combustor condi- 
tions. Major discoveries/results: 

- The modified combustor-boiler interface maintained this region at the desired 
temperatures. 

- Evaluation of the new bypass line to establish desired combustor conditions 
on the second test day was not attempted due to the unscheduled termination of, 
the test due todevelopment of a cherry red glow at the top of the new slag 
chute. This was caused by acwlated partially frozen slag. The test ended 
with the slag tap still open. . . 
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- As in test E-15, attempts to clear away large slag formation6 (which eventu- 
ally formed even with the combustor liner at or above ~the slag fluidizti temne- 
rature) in the slag tap section by use of mechanical mean6 were partially 
successful in that only &all holes could be made in the hot slag. However. 
with technical input from the LWE prokct officer. who was on site during the 
second day, it was agreed that the new thermal input desianed to keep the slag 
tap open wa6 accomplishing its design function. However, it was not possible 
to properly test it due to a lack of sufficient water pressure at the slag 
chute. Prior to the next test a booster water pump was installed to overcome 
this deficiency. 

- During the two day period, the comtustor was fired at 10 to 15 MMBtu/hr at 
first stage theoretical air fraction6 of 1.0 to 1.4. About 1.7 ton6 of PC were 
consumed during this run. Overall combustion efficiency exceeded 95 %. 

- At Ca/S = 1.0 to2.4, the measured reduction in SO2 in the boiler outlet was 
0 to 31 %. However. with LS injection the So2 removal in the fan stack was 
around 30 %: the details of this interaction are not yet fully understood. 

&e&&U&&Test: (PC-171; l/10.11/89. Test Goals:(l) operate combustor at 
target fuel rich condition (viz. inverse equivalence ratio or theoretical 
combustion air fraction = 0.7) by manipulation of swirl air to the cc&u&or. 
A modification to allow this maniFulation was in6talled prior to Test E-16. 
This was the 1st test in which this flow arrangement wa6 used to evaluate fuel 
rich effects on environmental control: (2) evaluate operation of new slag tap 
cooling circuit; and (3) evaluate slag tap heating as an aid to keeping the tap 
own.,tiajor discoveries/results: 

-The.combined control of 6wirl;ai.r inlet positionirgand gas bypass flow 
allowed reduction of first stage combustion air to the required value. How- 
ever, an air fraction of 0.85 was found to be a practical minimum owing to very 
poor overall combustion efficiency at lower 6toiChiometrie6. The paor combz- 
tion efficiency at lower stoichiomstries was attributed to Pocr fuel/air mixing 
at reducsd firti rates, which result6 in relatively low total massflow/veloci- 
ty momentum at these operating conditions. This conclusion is suggested by the 
low swirl air pressure levels. Previous successful operation at lower stoichio- 
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matries was likely due to' better mixing at high thermal heat inputs to the 
combustor where higher combustion swirl air injection velocities were obtained. 
Thus, a thermal input threshold appears to exist for good combustion perfor- 
mance at reduced loads and fuel,rich conditions. Another factor that could 
influence the poor comhtion is the low temperature in the furnace region of 
the boiler which would impede final fuel burnup. 

- At Ca/S q 0.8 to 1.9, the measured reduction6 in So2 at the boiler outlet 
were 11 to 15 %. hline with previously reported results, the scrubber 
further reduced the measured SC2 to provide overall reductions of 17 (without 
sorbent injection) to 38 % with sorbant injection. Calculations suggest that 
scrubber sulfur removal capacity is controlled by an equilibrium phenomenon. 
probably involving the 6olubilitY of sulfur-containing spacies. 

- Owing to the difficulties in trying to establish fuel rich operation. no 

reliable slag rejection data were obtained. However, chemical analysis showed 
about 5 % of the total sulfur present in the Slag for fuel rich operation and 
only 0.6 % forexcess air conditions. These samples showed essentially the 
same level of sorbent. This result is encouraging in terms of qualitative 
validation of the Coal Tech's sulfur capture concept. 

- The slag tap heating sy6tem worked well, except as noted below. Cuing to 
upsets associated with efforts to establish fuel rich conditions, it was not 
possible to gauge effects of this new method of heating on tap performance; 
however; at the end of the test the bottom of the slag chamber wa6 only lightly 
covered with easily removable slag. 

- Inadequate cooling of the slag tap was noted when the discharge water became 
hot and occasionally steamed. It was decided that prior to the next test the 
water flow rate would be further increased. 

Twenty: (PC-18); l/23,24/89. Test Goals: at&r& to operate - . 

cornbust& at target fuel rich condition with good combustion performance by 
raising swirl air pressure (velocity1 to the comtustor. Test another sulfur 
sorbent and its effect on So2 capture. Major discoveries/results: 
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- The unit was operated at about 11 NMBtu/hr.~ However. owing tc an error tin 
the cooling/combustion air flow reading, the first stage theoretical air 
fraction was inadvertently set to 1.2 to 1.3, instead of 0.7. 

- Sased on scrubber solid6 carry-over,' the calculated combustor/boiler slag 
retention wasnear 70 %. 

- With limestone (LS) injection at Ca/S = 1.7, the measured reduction in So2 in 
,the boiler outlet was 10 to 14 %. With the other sorbent at an equivalent 
level of Ca/S = 0.5, the corresponding reduction was around 16 %. Based on the 
relative calcium utilization for the sorbents the lattermaterial was 3 to 4 
times,more effective than the LS in removing SO2. 'Ihis result is believed to 
be due to chemical difference6 in the two sorb-ants and/or a difference in size 
distributions. For either sortent injection, the scrubber further reduced the 
measured SO2 to yield an overall reduction of about 30 %. 

-The higher water flow rate 'co the slag tap Solved the overheating problem 
experienced during the last test. 

- Cn 2/2/89 two new operational procedures were developed: 
1. A ~hand held torch was successfully bench tested for melting large pieces of 
Slag. It was planned to use this torch to melt slag tap blockages via inser- 
tion into one of the slag chute px-ts. 

2. Steady state fuel rates and air flows plus combustor thermal conditions 
were determined tc allow overnight combustor firing on NG, thereby saving 
several hour6 heatup the next day. To accomplish overnight firing required 
some piping modifications to the air system. In addition, safety interlock6 
were identified and umaded where necessary to allow unattendedoperation. 
This system was in place,for the multi-day test (PC-20). 

Tuentv-second (PC-19); 2/13/89. Test Goals: re-attempt to operate 
fuel rich a6 per Test R-18.. Evaluate operation of a recently purchased and 
installed slag:conveying system. Confirm apparently higher sulfur capture with 
the new sorbent v6. LS.~ Major discoveries/results: 

- Efforts tc adjust combustion air velocity/pressure to obtain @cod combustion 
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performance at reduced loads and theoretical air fraction q ~ 0.7 resulted in 
poor second stage bumout.:as well. a6 several flameouts. For this reason the 
test was conducted at near stoichiametric or excess air conditions. The inabi- 
lity to operate at the target stoichiometru, even with increased swirl air 
velocity, essentially~duplicated Test PC-17 results, repxted above, and 
strongly su&!ests that higher fuel heat inputs are needed to operate at the 
lower stoichiometries. 

- The slag conveyor worked well during this test. 

- Slag and scrubber discharge chemical analysis data have not been suffici- 
ently evaluated for inclusion and discussion at thi6 tine. This information 
will be presented in a later report if results are new or inconsistent with 
historical trends. 

- At LS Ca/S = 1.5 to2.0, the measured reduction in 602 in the boileroutlet 
wa6 11 %. With the other sorbant at an equivalent C-a/S = 1;l. the correspond- 
jng reduction was 22 %. This result is in agreement with that obtained in Test 
PC-18 and~confims that the new.sorbent performed significantly batter than LS 
as a sulfur "getter" for the operating conditions employed in the present 
combustor /boiler system. With the new sorbant, the overall s02.removal, in 
the scrubber fan stack, wa6 around 49 %. 

- As in the preceding test, the slag tap blocked toward or during the end of 
the test tut the slag in the chambar.was easily removed after the test was 
complete. 

The 1st Continuaus 4 llav Teat: (PC-20); 3/6,7,8,9/89. 
Test Goals: major objective is to demonstrate continuous comlxstor operation 
over a multi-day period. The,emphasis for this test was placed on emerimental 
ob6ervables related to operation rather than on parametric studies. The 
combustor was operated near stoichicmetric conditions and the unit was placed 
on ay-tomatic overnight operation on gas fuel to minimize the next day-s heat-up 
tima to reach coal operating temperatures. Major discoveries/results: 
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&y-l: The combustor startup at 8 hl. IXlr&! the day a level of abut 12 
MM&u/lx was reached. In the evening, the corntudor was shifted to gas fuel and 
placed on automatic control for the night. At 11 PM, the unit shutdown for an 
undetermined reason. Although the shutdown was not planned, it did confirm the 
reliability of the newly installed unattended automatic shutdown procedure and 
equipment. The combustor was reestarted at 6 AM the following day. 

- Although the slag conveyor had worked 6uccessfullv in previous tests, con- 
,tinued operation during thi6 test revealed design flaw6 which eventually caused 
the conveying belt to finally jam. Necessary modifications were discussed with 
the vendor and the unit was been taken out and repaired. 

- The various slas tap and chute features designed to prevent slag tap blockage 
appaared to delay but not prevent blockage, which eventually cccured after 
about two hours. However, these feature6 did restrict the blockage formation 
to a region of the slag chute where it was more accessible and/or more easily 
removed than before these features were introduced. 

- As had bean determined fr6m earlier testing. mechanical slag breakers can be 
partially or fully successful in keeping the tap open. However. the present 
test showed that it is essential to design a breaker capable of clearing the 
tap while the comb-x&or is at normal thermal input power. The mechanical brea- 
kers used in the present test did not have this feature. and it was necessary 
to lower the combustor thermalinpltto oFerate.them. This caused amajor 
lxildup of slag deposits at various location6 in the comixstor. In fact, on 
the 4th day of the test, the slag buildup in one region of the combustor 
reached the point where shutdown was necessary to eliminate unstable comtxstor 
operation. To correct this problem, de&n and fabrication of a slag breaker 
capable of operating in a hot ga6 environment began. in time for testing in May 
1989. 

aar2; Comb-a&or heat input reached 9 MMBtuAv on coal. 

- Overnight heating of the comtustor, even at low levels. revealed that the 
refractory insulated boiler wall, unlike the air cooled ccmbustor, runs near- 
adiabatic, retaining much of its thermal storage. This resulted in initiation 
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of slag formation in the exit nozzle.'probablv in additionto combustor wall 
SlaggiIlg. While this had been observed in the one day tests, the effect was 
more pronounced in the present test. 

- The comtustor wall temperature dropped significantly durirg the test at 
steady state operation. This had been observed in earlier tests and was 
attributed to slag buildup on the corn&&or wall. This effect appeared to be 
localized, with other regions of the combustor remaining at normal temperature 

- The slag tap blocked at end of the test but was easily cleared upon ccoldown. :. 
The comlxlstor remained on gas fuel all night. with no automatic shutdowns. 

I&LL Combustor operated at about lZ~MMBtu/hr with coal. 

- Cuing to operational problems, noted above, the slag conveyor wa6 removed at' 
the beginning of the test day. Screen mesh buckets~were used instead to 
collect slag. 

- After about two hours the tap became blocked. Efforts to mechanically clear 
the tap of hot slag tier-e only partially successful. After the slag was allowed 
to cool by discontinuing firing, the tap was clear& tiith some difficulty. The 
unit was then restarted and coal operation continued. 

- As the consecutive-day test prcceeded, slag initiation seemed to occur prefer- 
entially in the nozzle~rather than in the comb-&or. such that at the end of 
the test the exit nozzle was partially blocked with slag. This phenomenon 
could be detrimental to the Phase III test'goal of multi-day firing if not 
corrected. Post-test inspection revealed large a6h; not slag. deposits inside 
the combustor. This observation. in itself, sUgge6t.6 that the combustor walls, 
were running too cold, possiblvas'a result of the above difficulty encountered 
with the wall temperature measurement. This may account for most of the exit 
nozzle slagging and therefore might also provide a remedy. namely, operation 
with a hotter combustor wall. Refurbishment of the wall temperature control 
was performed prior to the next test: : 

L&&: Again the combustor remained on line uith,gas'fuel all night. The 
combuetor was then fired to about 13 MMBtu/hr on coal. 
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- Cwing tocontinued slag buildup in the exit nozzle, potentially leading to 
excessively restricted combustion gas flow, the-.test was terminated in the 
early afternoon of the 4th day. The comtustor had been on-line for a total of 
65 hours out of a total elapsed time of SO hours. 

- After 6hutting off the main burners, the slag tapwas found tobe almost half 
open. The hand held torch was tested to see if it,would improve the situation, 
but the blockage was not in a location where the torch flame impinged and 
therefore had no effect. However, it seemed that this approach would be 
efficacious in opening the tan if it were more fully blocked. 

- Eased on the weight of solids collected from the slag quench tank during the 
test, the material retrieved from the combustor and boiler flcor after the 
test, and the measured discharge rate of scrubber solids, the cumulative 
combustor/boiler solids retention was calculated to be near 80 %. 

-Preliminary evaluation of the chemical composition of ash samples obtained 
from inside the combustor after the test showed up to 25 % of the total sulfur 
present in the ash along with high CaO levels. Previoushighs,obtain&from 
rejected slags, were only about 5 %. 1 

B: EC-21); 5/16,17/B. The test goals were: 
-To evaluate the effectiveness of a mechanical slag breaker in keeping the slag 
taP o??en. 
-To operate comt~6tor at target fuel rich cond,ition, namely inverse equivalence 
ratio or theoretical combustion air fraction = 0.7. 
-To observe the effect of a reconfigured tertiary air piping designed to en- 
hance themixing of second stage air and first stage comtitiongas 
-To operate the recently refurbished slag conveyor. 
-To evaluated and a check the sorbent screw feed calibration. 
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Major discoveries/results:, 

- With oil firing the slag breaker was teSted and a hot spot developed. Mcdifi- 
cation of the operating prccedure on the second day solved this problem. 

-After a short interval on coal. the rotary coal feed valve jammed. Inspection 
indicated the presence of pieces of metal in the PC. Several efforts were made 
to clear the valve and dump some of the coal. This would have solved the 
problem if the tramp metal was localized in the lower portion of the storage 
bin. Unfortunately, the valve'reneatedly jammed, thus aborting the first day's 
te6t. 

- On the second day a screen was inserted above the rotary valve but without 
vibration the sieved PC flow was to0 low to conduct useful tests. Later 
diSCUsSiOn with the pulverization company could not clearly identify the 
source of the tramp mterial. All contaminated coal was removed from the bin 
prior to the next'test. 

- No environmental data were obtained owing to the coal feed problems; however. 
visual observation of second stage comtu6tion indicated improved operation 
during staged combustion on oil. 

- The flow calibration check of the sorbent ecrew feed showed that limestone 
flows were actually somewhat higher than previously thought while flow6 of the 
second sorbsnt agreed with the previous values. 

- The control thermocouples which were umaded after the last. test operated 
well and indicated there wa6 eoms slag deposit buildup on the CombustOr walls 
due to the erratic coal operation. 

wflfth (PC-22); 6/19,20/89. The test goals were: - . 

-To evaluate effectiveness of the new mechanical slag breaker in keeping the 
slag tap open. 
-To operate combxtor at target fuel rich condition, namelv inverse equivalence 
ratio or theoretical combustion air fraction q 0.7. 

-To observe effects of the reconfigured tertiary air piping in providti 
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enhanced mixing of second stage air and first stage combustiongas 
- To continue operation of the recently refurbished slag conveyor. 
Major discoveries/re6ult6: 

- The unit wa6 operated at about 12 to 13 MbBtu/hr. averaging around 870 PFX PC 
and consuming about 1.4 tons of coal. The first stage inverse equivalence 
ratio was 0.89 to 1.26 with overall combustion efficiencies near 100 %. The 
second stage bumOUt was ViSUallY improved. Obtaining a lower theoretical air 
fraction at the above fir,ing rate5 was found to bs difficult owing to the 
dynamic interaction of the several cooling/combustion air streams. At higher 
firing rates operation at target combustor air level should be more easily 
achieved. 

- Test resulted in high slag rejection into the tsp and slag quench tank 
(ST'). The onset of slag tap blockage was noted several times. However. the 
slag breaker proved to be effective in knocking out slag blocking the tap 
without imposing a down-time penalty, i.e. without requiring banking or 
turning-down the comb-astir. This result essentially removed a major barrier to 
long duration testing. 

- With limestone (LS) injection at Ca/S q 1.25, the measured reduction in SO2 
in the boiler outlet was 16 to 30 %. At the scrubber stack the measured 
reduction in SO2 was 33 to 47 %. 

- NOx levels agreed with historical values. 

- The peak wall heat flux levels corresponded to the highest measured fluxes. 
obtained in Test PC-18 of~l/23.24/89. Data from both teats show thatcalcu- 
lat.& liner wall temperatures were higher than in most tests. 

-Presumably the slag layer was thin in these tests.' Operationally this may be 
the'desired running condition. However, liner degradation could be a concern 

at this operating condition. Evaluation of 51% chemical composition is a key 
paramter in clarifying this matter. In addition, combustion air swirl pres- 
sure had a significant impact on heat flux for -able thermal irrput. his 
phenomenon had been noted in previous tests. 
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- The slag conveyor Sanm& when a lame piece of slag dropped on it after beins 
dislodged by the slag breaker. The conveyor was removed from the SQT with some 
difficulty. On inspection‘ small pieces of slag were found t&have accumulated 
near the bottom of the conveyor. They were jamming the guides. Further 
design modification6 were implemented before the next test to allOW mOVement of 
the conveyor in the SW'. 

Test: The 2nd~ 4 Day-B&, (PC-231 7/30/90 to S/3/90 
Summarx This 4 day. 92 hour duration test took place between 7/30/89 and 

S/3/89. Comlxstion occurred for 87 hours. SO hours were unattended ovemi&t 
operation with natural gas, 21 hour6 were on heatup and cc&down with oil. 16 
hours were on coal firing. 8 tons of coal were consumed. Coal firing occurred 
at a steady 14 million Btu/hr during the entire test period. The first 3 days 
of coal firing were under fuel lean conditions. The 4th day was under fuel 
rich conditions to optimize sulfur capture in the combustor. All the test 
objectives were met. The total operating time of the wmtustor apprOached 600 
hour6 by the end of this test. 

. . v: The test consisted of four days of round-the-clock 
operation, beginning on Sunday evening and ending on Thuredav evening. using 
the following schedule: 

On Sunday evening, the,combustor was fired with natural gas at a low ther- 
mal inwt for pi-e-heating the combuetor and boiler. The wmtustor was placed 
on automatic, unattended operation until the foilowing.moming. At that time. 
gas/oil thermal inFut was increased until the comkxstor reaches normal operat- 
ing tem&-atures. The fuel was then changed from oil to Fulverized coal fir-, 
ing. Coal firin,q was maintained at a constant thermal inFut level for period6 
ranging up to about 8 hours. The fuel was then switched to oil. and the combus- 
tar was cooled to a thermal i.np& level at which unattended overnight operation 
on natural ga6 can be maintained. This procedure Was repeated on all four' 
days. However, in the first 3 days, the emphasis was on durability testing 
under optimum combustion efficiency. Therefore, the combustor operated at fuel 
lean conditions. 011 the 4th day the emphasis was on sulfur reduction in the 
combustor, and the combustir operates under very fuel rich conditions. In this 
case, the combustion efficiency was somewhat lower. 
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-DAY 1: Combustion began with natural gas at SPM Sun&~. the 30th. The 
combustor operated on automatic unattended control all night. Eeginning at 7:30 
AM Monday morning the thermal input to the combustor &s increased by adding 
oil fuel. At noon, the thermal input was about 14 KlBWhr. The combustor 
stoichiometry was fuel lean. At noon. rapid conversion to coal firing began. 
The comtistor remained at this thermal inplt level, which corresponds to 
approximately l/2 ton/hour of ccal flow until 4 PM. when a flameout occurred. 
The cause of the flameout was not determined, and the combustor was restarted. 

It was noted that thermocouples located in the front wall of the boiler in 
the region of the exit nozzle were recording higher temparaturee than had been 
previously encountered. Also,, visual inspection of the front refractory wall 
of the boiler in the region of the exit nozzle during the flameout period 
revealed an apparent 1055 of refractory. Also noted was the formation of a 
slag dam across the bottom of the nozzle, at its exit to the boiler. It was. 
therefore, decided to iumediately shift to oil firing. The thermal irnzut to 
the combustor was gradually lowered to a level suitable for unattended 
overnight operation. This was accomplished and the combustorremained on 
natural gas fuel until 7:30 a,~ Tuesday. 

-DAY 2: At 7:30 AM, the fuel was shutoff. A rod was inserted in the com- 
bu6tor to dislodge the slagat the bottom of the exit nozzle. It broke off 
readily and fell into the floor of the furnace. Inspection of the combustor 
and the exit nozzle revealed no apparent damage. However, the erosion of refrac- 
tory in the downstream end of the exit nozzle which had teen observed visually 
the day before was confirmed. The inside wall of the comb-&or was in excel- 
lent shape, and the slag tap was open. Therefore, the combustor was restarted 
by 8:30 AM, and the procedure of the previous day was repeated. 

The only changes made were to substantially lower the,swirl in the comt~e- 
tar. as this may have caused the exit nozzle erosion. In addition. it was de- 
cided to stop coal firing and besin cooldown when the temperature in the front 
wall ,of the boiler at the exit nozzle reached the sane temperature as on Monday 
evening. It was also decided to repeat the internal inspection of the combus- 
tar and boiler and to break out any accumulated slag in the exit nozzle on 
every subamuent morning of the four day test. Coal firing at the 14 MMBtWhr 
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level cormenced at about l.F?l on Tuesday and continued until about 5 FM, when 
the boiler front wall thermccouPle6 reached the designated ten\perature. The 
wmbustor was cooled down, and placed on unattended overnight operation until 
i’:30Afd on Wednesday. 

-DAY 3: Visual inspection on Wednesday morning revealed no change from the 
exit nozzle condition on the previous day. operations resumed by 8:30 AM, as 
Planned. About 1 hour latter, a thermccouple located at the bottom of the 
combustor, near the slag tap overheated. When it was removed. a flame shot out 
from the l/4 inch diameter opening. The combustor was shut down. After a brief 
consultation, it was recalled that in one test in early 1988, fugitive gases 
from the slag tap had produced a similar occurrence. It may have been caused by 
slag blockage. The the rmocouple was replaced and the slag tap heating system 
was restarted, and the temperature at that location again ro6e rapidly. The 
slag tap heating system was shut down, and the main combustor was relighted. 
This time, the temperature at ,this thermocouple remained within its normal 
operating range. 

It was decided to continue 'the teat without the slag tap heating system 
and to rely solely on the mechanical slag breaker for slag tap clearing. Accor- 
dingly, the thermal inPut to the comtitor was increased and the test conti- 
nued. This second~shutdown took 1 hour..The operating sequence of the Previous 
two days was rePeated. 

The combustor wa6 switched back from a steady14 H?lEJtuAu- coal firing 
after nearly four hours, when the thermcco uples in the boiler front wall 
reached the pre-selected temperature. The combustorwas then shifted to 
unattended overnight operation . 

SUKHARY RESULTS OF THE FIRST 3 DAYS:- The Performance results of the first 
three days of testing were essentially identical and repeat-able. 

-The thermal inPutwas about 14 KMEtu/hr. 
-Coal feed was very stable. 
-Slag removal from the comtustor was measured by weighing the collected 

slag ~assti through the tap at the end of each day's' tests; The average hourly 
rate of slag collection was within lo-20% in all 3 days. 
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-The slag passing through the tap was also measured by collecting the slag 
lifted out by the slag conveyor in a random 10 minute period. This measurement 
excluded the slag freed by the mechanical slag breaker. .lhe results agreed 
within 10% on the 1st two days. when the slag heating system was in operation. 
On the third and 4th day, the results also agreed with each other within 10%. 
but the flow rate in the conveyor was 40% less. This meant that more slag was 
being removed by the mechanical breaker on the last two days, without the 
heating system, than in the 1st two days. with the heaters. 

-Another important operatti result was that pulverized coal was delivered 
on Tuesday. Wednesday, and Thursday by a tanker truck. It was loaded into the 
on-site coal bin while the comtustor was operating on coal. This delivery 
procedure validated the operating plan for continuous coal firing. 

SLAG REMOVAL PRCXI TIE KtBZJSTOR: Perhaps the most important result of the 
test was the excellent performance of the new mechanical slag tap breaker. 
This device was designed and tested successfully in a two day period in June. 
1989. D.d.ng the present 4 day test it was used regularly. The slag tap was 
always open, and coal fuel inmt was constant. All prior mechanical slag tap 
clearing procedures that we used required a major reduction in cwl fuel 
input. This prevented continuous operation at a constant fuel input. Slag tap 

blockage has been the primary factor in limiting extended continuous combustor 
operation. 

-DAY 4:- The 4th day of the test was devoted to sulfur control with fuel 
rich combztor operation., After verifying on the morning of the 4th day, 
Thursday, that the combustor internals were unchanged, the daily heatup se- 
quence began. However, on this day the combustor was operated fuel rich. Af- 
ter about two hours of steadycoalfuelinputat14 MStu/hr, a flameoutoc- 
curred. Visual inspection from the rear of the toiler revealed a pile of char/ 
slag on the upstream floor of the combustor.~ On immediate restart of the com- 
bustor, it was visually observed that the pile disappeared in a matter of mi- 
nutes at a low thermal input. This suggested that the pile was unburnt char, 
and that the combustor had been too fuel rich or that proper operating condi- 
tions had not been established for complete char gasification in the combustor., 
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There was insufficient time to optimize fuel rich combustion in the 
combustor. It was. therefore, decided to continue operation of the fuel rich 
test with a mixture of:coal and oil in the ratio of about 4 to 1. Oil provides 
a high preheat,~ and combustion optimization is not as critical. The balance of 
the 4th day test was performed at two different limestone injection mass flow 
rates. A quick reading of the SC2 stack gas'gauge~indicated that ma.ior 
reductions in SO2 emissions were taking place. 

EXIT NOZZLE OF THE CCMBlJSTC~R:- The front wall of the boiler had teen 
rebuilt in October 1988. Subsequent tests revealed that a modest additional ,. 
amount of cooling was required to allow round the~clock operation on coal and. 
at full thermal inrut. to the combustor. However. for the cycling operation 
planned for this prolect. the cooling desk was adequate. 

The four day test in March 1989, revealed that the new refractory material 
used in the inner front wall of the boiler was not suitable for extended operat- 
ingneriods. Cn the other hand. the inner wall material in the exit nozzle 
performed satisfactorily since its installation in early 1987 until the end of 
the Clean Coal tests in May.1990. (By May lSSO.it'had accumulated nearly.900 
hours of total operating time.) A decision was made after the first 4 day test 
in March 1989 to use the hi&quality material inthe downstream end of the 
exit nozzle, i.e. the boiler front wall. if further testing revealed that the 
present material was eroding rapidly. However, as no extensive materials loss 
had occurred it was decided to continue testing with the existing refractory 
and order the high quality refractory for possible future use. 

Test: The 3rd Con+,inuous:(PC(PC24), 9/24 tn S/28/89 
SUMMARY: The third of the planned 4 day long duration tests took place 

between g/24/89 and g/28/89. Combustion occurred for SO hours. 45 hours were 
unattended overnight operation with gas. 29 hours on heat@ and ccoldown with 
oil. 16 hours were on coal firing. in equal increments of 4 hours per day. 6 
tons of coal were consumed. Coal firing occurred at a steady 12 million Btu/hr 
during the 1st day, 13 MMBtWhr on the 2nd day. and 16 to 17 MMBtu/hr on the, 
3rd and 4th days. The latter level is the capacity of the scrubber fan at 
current operating conditions1 Daily coal fuel shutdown were as per schedule. 
All 4 days of coal firing were at fuel rich conditions. at stoichiometric 
ratios,of 0.7 to 0.85. Coal combustion efficiencies were good on all 4 days. 
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IXlring the 1st 3 days, the ssms coal as ,in the August tests was used. It had a 
nominal 2.5% eulfur, and 30% volatile matter, VM. On the 4th day, a low 20% VM. 
high melting point ash, coal was used. Again comtition was excellent despite 
relatively high coal feed fluctuations caused by excessive residual moisture in 
the coal. The high moisture level was caused by the pulverization supplier. 

and it will not recur. The latter coal had been used at the beginning of the 
present Clean Coal project in 1988. At that time combustion efficiency was 
poor even at fuel lean conditions. The present high combustion efficiency with 
this coal is a msasurs of the progress that has been made upgrading the combus- 
tar performance. Sulfur capture was lower than in the prior tests. Thi6 was 
attributed to the use of a different acxiliary fuel input configuration which 
probably caused "deadburning" of the sorbent. There was only one fl-ut in 
the entire 4 day period, and it was caused by high fuel feed fluctuations. The 
total operating time of the mmkutor approached 700 hours. The operation of 
the entire combustor-boiler system was excellent. 

Post test inspection of the combustor-boiler internals revealed no ceramic 
material loss in the combustor or exit nozzle. Therewas no slag dam. nor any 
slag flow from the exit nozzle into the boiler. Both these phenomena had been 
observed in earlier tests. There was a dry ash deposit.on the floor of the 
furnace region of the boiler. This deposit may have teen caused by either the 
operating conditions, or more likely by the high feed fluctuations on the 4th 
test day. 

DESCRIPTION OF THE TEST: The only difference between this and the previous 

4 day test was that fuel rich operation was used on all four days. As the 
reductions in sulfur and nitrogen oxides emissions are optimum under fuel rich 
operating conditions, operation at fuel rich conditions is clearly preferred. 

Prior to the present test, some of the refractory in the front wall of the 
toiler which joins the combustor exit nozzle was replaced with the same 
material because the new refractory had not arrived. In addition, the 
refractory in the slag tap, which had teen damssad by mechanical slan tap 
clearing operations, was replaced. Finally, several patches on refractory 
mortar were placed on one section of the comtustor liner, which had thinned out 
after the prior runs dating back to ,the Spring of 1988. This was done~only as 

A-I-27 



a precaution, as it has been found that slag can rebuilt the liner thickness. 

The test prxedure was the same a6 the previous 4 day test so that on ly 
changes will be noted for the balance of this Appendix. 

-DAY 1: tie to the late arrival of one of the test persons, coal firing 
did not begin until early afternoon. The comtustcr stoichiometry was initially 
fuel lean. After noon, conversion to fuel rich operation with oil/gas was 
implemented. As this is a manual prucem it is very time consuming. At about 
1:30 PM ccal'firing began. he to the very fuel rich operating conditions, 
auxiliary oil/gas fuel was maintained at about 25% of total thermal input. lbe 
combustor remained at this thermal input level, which corresponds to apnroxi- 
mat&v l/3 ton/hour of coal flow until 6 PM. At that time conversion to only 
oil/gas was implemented and the thermal inwt was reduced to the level required 
for automatic overnight operation. 

The test was performed at limestone injection levels which produced a 
higher slag viscosity than in previous tests. This required more frequent 
operation of the slag tap breaker. Nevertheless, it was possible to keep the 
slag tap open,thrcughout the test. Cn several occasions the mechanical breaker 
became stuck in the tap. which required extra effort to free it. On one 
occasion the breaker was stuck for at least 5 minutes and as a precaution 
against its melting. the coal feed was shut off. However, the breaker was soon 
cleared and operation resumed. It was concluded that the problems with the 
breaker were caused by the low slag flow rate and the high slag viscosity. It 
was therefore decided to increase the coal feed on,the second day. and to 
slightly reduce the slag viscosity. No other problems were encountered. 

Unlike all previous tests. no ash or slag deposits were formed in the exit 
nozzle, and there was no slag flow into the boiler. 

-DAY 2: The only,changes made were to increase the fuel &ut to 13-14 
KMBtu/hr . Coal firing at the 14 WHBtu/hr level was scheduled to conrsencs at 
about 1lAM on Tuesday. However, the damper on the outlet of the stack remained 
stuck in the open position. After fruitless attempts to repair the electric 
operator, a technician climbed up the stack and freed the damper mechanically. 
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Slag tap clearing operations were im&amented without any difficulty. On 
the second day, a different auxiliary fuel firin&confisuration was used in an 
attempt to improve the very fuel rich combustion efficiency. The improvement, 
if any, was not .sisnificant. No ash or slag deposits were observed in the exit 
nozzle, and no slag flowed into the furnace. However. as anticipated some loss 
of the new refractory in the front furnace wall was observed. 

Halfway. during the test, the limestone was replaced with another sorbent. 
The latter sorbent had produced better results in reducing sulfur levels in 
prior tests in the Spring of 1989. However, it was soon determined that the 
slag viscosity was increasing to unacceptably hi& levels. Also. no visible 
improvement in sulfur capture was observed. Therefore. the sorbent was removed 
from the limestone feed bin and the limestone was used again. IXlring this shift- 
over~prccess a period of poor slag flow occurred. 

-DAY 3: Coal firing resumed at fuel rich conditions with a'thennal input 
level was increased to 16 MMBttir. On all 3 days, fuel feed was extremely 
SteadY. IUe to a late delivery of coal, 25% oil,firing was maintained to 
comerve the~coal fin the bin for a full day test. 

-DAY 4:- After verifying on the morning of the 4th day, Thursday, 'that 
the comktor internals were unchanged, the daily heatup sequence began at 8:30 
Am, after a 1 hour shutdown. Coal firing resumed with the thermal innut bet- 
ween 16 and,17 MMBtu/hr. Unlike the previous three days, where the coal feed 
was vervsteady. the new coal produced feed fluctuations of the order of 10% in 
minute time periods: It was subsequently determined that the r-ulverization 
vendor had reduced the coal drying because he wished to maintain the volatile 
matter level in the coal. Despite the higher fluctuations, combustion efficien- 
cy was still excellent. However, when we attempted to completely eliminate the 
oil auxiliary fuel, a flameou t occurred. This is attribuuted to the high flue- 
tuations. After the flameout, the combustor was immediately restarted and 
operation at the previous condition, with 25% auxiliary fuel firing resumed. 
The.combustor was shutdown a little after 7 FM. It had bean on line for 90 of 
the intervening 94 ,elapsed hours since Sunday niBht/ 
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On the 4th day, a modest level of ash/slag deposits were observed in the 
exit nozzle. This was attriatted tothe high feed fluctuations. The~bslanoe 
of this coal was used in subsequent tests. but the coal was dried to normal 
operating levels. The results with this low Vhcoal was a measure of the 
degree of prcgress that has been made in the'project. In late 1987. the use of 
this coal resulted in very roar combustion even under fuel lean conditions. 
The excellent comb-&ion during this 4 day tests was the result of numerous 
improvements in coal feed, coal and sorbent injection, air injection and 
mixing, auxiliary fuel application, liner material, exit nozzle design, 
tertiary air, injection design, slag tap operation. 

SUMMARY RESULTS OF THE 3rd 4 DAY TEST:- The performance of the ccskmtor 
on all four days of testing was essentially identical and repeatable. 

-The thermal inmtwas maintained at a constant level each day. increasing 
from 12 MlBtuAsc on the 1st day tc 16-17 MlBtu/hr on the 3rd & 4th days. 

-Coal feed was very stable with no detectable fluctuation on the 1st thrsa 
days, and vith about 19% fluctuation on the 4th day. This was due to excessive 

moisture in the coal supplied for the 4th day test. 
-The slag tap remained openthroughoutthe 4day test. This was accom- 

plished by using the mechanical slag breaker. 
-The slag conveyor performed nearlv flawlessly. It was necessary to 

rembve it only once from the tank during the 4 days to replace a bent bolt. 
This isinsharp contrasttothe experience in the previous 4 day test where 

the conveyor had to be moved everytime the mechanical breaker was used. 
-Slag removal fkmthecomkastorwasmessuredby weighing thecollectsd 

slag re.ssing through the tap at the end of each day's tests. The average hcurly 
rate of slag collection varied considerably during the test because the slag 
viscosity was varied as different sorbant and coal types were used. As a 
result,there remained a miderable quantity of slag arid ash on the walls of 
the comtustor. 

SULFDD IEDUCTION RESULTS: In view of the fact that the entire test was 
implementedunder very fuel rich operating conditions, ranging from stoichiaoet- 
ric ratio of 0.7 to 0.85, excellent sulfur reduction was anticipated. Instead, 
it was found that the sulfur reduction wasworse than had been observed in 
earlier tests under similar operating conditions. In general, the sulfur reduc- 
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tion was very small; from less than 10% to less than 20%, throWhout thetest. 
Since.auxiliary oil firins was used during the test, it is assumed that the 
sorbent was "deadburned" by the oil. This was confirmed by several observa- 
tions. 
-One, ~the oil injectors were modified to improve the auxiliary heat psrfor- " 
mance. This resulted in even lower sulfur reduction. 
-Two, unlike in previous tests, the other sorbant did not improve the sulfur 
reduction. Its use resulted in large ash deposits around the injection ports, 
which provides further evidence that,the sorbent was being “burned” by the oil. 

KIST TEST INSPECIION: An internal inspection of the boiler and combustor 
was made after.complete ccoldown. After the present test. no material loss 
was observed. Instead a thin slag .layer coated the,inside of the comtitor 
liner and exit nozzle. 

Test: The 4th Ccn?&uous 4 Dav T,ssL (pC251, 2/11 to 2/15/90 

A major objective of this test was to operate the combustor with very high 
(4%) sulfur coal, under very fuel rich conditions. 

Prior to,the performance of this test, a series of five 24 hour duration 
tests were performed on the combustorfacility in November, December 1989, and 
January 1990.; These test6 were rerformed as,nart of two projects sponsored by 
the DOE and EPA on ash vitrification. In the course of Performing these tests. 
it was noted that the cyclone separation chamber in,the stack pax-ticulats 
scrubber had eroded. A new steel plate was welded to chsmber at the eroded 
sections.: During the 1st test after this repair, steel scrap material was drawn 
through the induced draft fan at the outlet of the scrubber vessel, and it 
severely~unbalanced the fan wheel. A new fan wheel and bearing assembly was 
installed on the fan. 

A second item of relevance from the ash tests to the present project 
concerns sulfur capture in the combustor-boiler hot gas flow train, As part of 
the a&injection tests, it was necessary to inject limestone/lime sorbsnt into 
the comtustor and separately into the furnace region of the boiler. tiring one 
of these sorbed injection tests. it was observed that the injection of the 
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lime reduced the SC2 emission produced by the coal fuel bv 81%. This compares 
with 40-50% reduction in SO2 that wss the best result observed in prior 

combustor sorbed injector tests in the Clean Coal project. Accordingly. 
sorbent injection tests in the furnace was included in the 4th four day test. 

Several diagnostic tcols were added in the ash injection tests, and they 
were included in the test plan for this Clean Coal 4 day tests. These 
diawostics were: 

-A water cooled probe had been placed at inlet to the convective tube 
section of the boiler to collect particulate6 from which the products of 
sorbent-flue gas reactions can be analyzed. 

-A fibar glass filter connected in an approximately isokinetic tie was 
used to sample mrticulates at the stack exhaust from the scrubber fan. 

-The sams stack sampling line was used to collect condensable6 and 
particulate6 from the stack exhaust in water . 

m The test procedure was the same as in the prior.tests, with 
operations cotsaencing on Sunday evening at abut 7 FM, when the combustor was 
fired with natural gas, and placed on automatic, unattended overnight orera- 
tion. It was planned to operate at very high fuel rich conditions with a stoi- 
&&metric ratio of about 0.7 to 0.75. In prior tests, operation at this fuel 
rich condition resulted in significant~rejection of unixmt coal char. In an 
attempt to achieve better combustion in the comhtir, it was decided to ops-~ 
rate the co&u&or at higher thermal irwts than in prior fuel rich tests. IUP 
ing the first day the therm&~ inrut ranged from 13.3 to 15.4 HNBtWhr. and the. 
SR ranged from .68-.81. Coal firing began shortly before noonand continued 
for nearly 6 hours. 

Analysis of a sample of the coal revealed a sulfur content of 6lishtlY 
over 3%. This coal also had an extremely high iron content in the ash. i.e. 
over 26%. As a result, it slagged reasonable well without the addition of a 
sorbent. However, iron is very aggressive on the ceramic liner at the fuel 
rich conditions used in the test. Therefore, the initial period of coal only 
firing was limited to somewhat over 1 hour. This period was used for esta- 
blishing a performance baseline. At the end of this time. lime was injected in 
the furnace region of the boiler for about 15-30 minutes. This was followed by 
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injection of lime and then limestone into the combustor. To achieve a higher 

sorbsnt injection rate, one of the four coal injection ports was used in 
addition to the sorbent injection ports, for sorbent injection. 

In both cases, i.e. with and without the sorbent injection in the comtus- 
tar, excellent slag flow was obtained through the slag tap. with negligible 
untimt carbon This indicated that gocd combustion efficiency was being 
obtained. The major difference between coal only, and coal+ sorbent operation 
was that in the latter case the combustor liner wall temperature decreased. 
This suggests that the slag layer thickness on the com&t.cr wall was increas- 
ing with the addition of sorbent, and in fact the T250 mrature of the slag 
increased somewhat with limestone addition. 

The coal feed, as well as the comb-&or-boiler orerating conditions, 
rem&red very steady throughout the period of coal fired operation. For this 
-on, and in order to limit costs of overtime to test personnel, it was 
decided to cease the day's coal fired operation at about 5 PM after nearly 6 
hours of operation. The comb-a&or was cooled down and placedon overnight 
standby operation on gas. 

-DAY The thermal inruton the'2nd day was about the same as on the 
1st day. It ranssd from 12.7 to 14.9 MMStu/hr. The stoichiomstric ratio [.SRl 
ranged from 0.74 to 0.86. The coal feed rate was againvery steady. Combustor 
operation on coal continued for nearly 6 hours, at which time the comtustcr 
thermal inrut was again lowered for aut.omatic~ovemi&t operation on gas. 

.On the second and third days of this test, two technicians from an 
independent testing laboratory selected bv DOE-MKTC. were at the test site to 
collect slap. stack particulate and water samples. This data will be analvzed 
by DOE as part of a general study of the environmental impact of waste 
discharges from the several Clean Coal Projects. The technicians completed 
they planned sample collection on the 3rd day 

On the 2nd day. additional sorbent injection tests at two locations in the 
boiler were performed. Cne location was near the front of the boiler. while 
the second one was near the end of the boiler. There was no So2 reduction in 
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the latter section, while formar section.produced.62% reduction at a G/S of 3. 

RAY-3~ The 3rd,cJa~ of the test was performed at higher thermal input ,, 
levels, namely 13.4 to 17 MMEtu/hr. The SR ranged from 0.63 to 0.77. which was 
the most fuel,rich condition utilised to date. Again based on visual observa- 
tion of the slag, it appeared that good.comtistion efficiency was obtained in 
the combxtor. It was noted that during coal~only operation, the comtxzstor 
he&transfer rates during the 3 days was at the highest levels observed to- 
date, with the highest levels reached durirvr the 3rd day. 'As noted, these 
rates decreased significantly.with sorbent injection. C& problem encountered 
on the 2nd day was erratic readings from the~thermocouples used to monitor the 
combxtor wall temperature Accordingly,~ the combustor was briefly shut down 
for about.1 hour on Wednesday &ning to effect temporarv repairs on several of 
the thermocouples. These repairs were only moderately successful, and more 
permanent repairs were implemented later. Post test observation revealed that 
the thermocouple tips had been eroded. and in one location in the combustor 
wall significant reduction in liner thickness occurred. It is,bslieved that 
this occurred prwily durirxz the coal only firing. where the iron attack 
would bs most severe. 

On the morning of the 3rdday. the coal pulverization supplier informed us 
that the ball mill broke down. The earliest that he could deliver fresh coal 
was onThursday afternoon. A 6 ton mlverized coal supply hadbeen prepared 

for this 3rd test, as this had been the ugximwn amount of coal consumed in each 
of the prior two tests.; By the morning of the 3rd day, about 5 tons of coal 
had been consumed. and only 3 tons of coal remained in the bin. Rather than 
cut the l/2 ton/hour,coal firing rate that had been used since the k&nrbz of 
the 2nd day, it was,decided to use the~~contents of the bin on the 3rd day. 

This allowed about 6.hour of steady co&firing. which was completed at 5 Pt+l. 

Rather than shut down the combustor, the 4th.day of the test was devoted 
to an ash vitrification test using oil as the heat source. This has the effect 
of simulating the operation of coal firing. However, the test was devoted to 
the ash project. The thermal input on the 4th day was about 10.5 KEBtu/hr. 
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PRELIMINARY RESULTS: 
-The comb-&or remained online for approximately 92 hours ina 4 day 

period. of this time. 72 hours were devoted to the Clean Coal project test, 
while the rer&ininfZ 18 hours were USed for the ash t&Et. 

-Of the 72 hour period of the Clean Coal Test, about 18 hours were on coal 
fired operation in a 3 day period. ~36 hours were on automatic overnight gas 
fired operation, and the balance was on oil fired heat UP and ccoldoun. 

-A total of 8 tons of coal were consumed in the three day period, compared 
with a 6 ton maximum in the prior two 4 day test periods. 

-The total operating time of the oombustor to-date, including the brief 40 
hour test period on coal-water slurry prior to the start of the Clean Coal pro- 
ject and the several fly ash to coal conversion tests, is approachins 800 hours 

-For a given coal feed, the co&u&or operation. as measured by the steam 
rate. was very steady. This ,indicates a very steady coal feed rate. 

-Coal firing ceased each evenins on schedule. There were no flameouts' 
d&ins the test, despite the extremely fuel rich operation. This is attributed 
to the high combustion efficiency as Well as to the new multi-point flams 
detection syetem that has been inplace since late last year. 

-The test ooal sample analvzed had a sulfur content of slightlv over 3%, 
compared to a 4% nominal sulfur level content promised by the coal supplier. 
However, the sulfur content varies widely in each truck load. In fact by 
mistake the coal pulverixation supplier delivered a ~10~ sulfur coal for two of 
the three days of testing, so that the high sulfur coal was used in only pert 
of the test. 

-The iron oxide content of the coal was very high. over 26%. This resulted 
in good slsg flow without flux addition. However, it is well knoun that iron, 
especially under fuel rich conditions is very aggressive in ceramic wall 
material attack. Evidence of wall material removal was noted in the high wall 
heat transfer. Indeed post test internal examination of the comkstor liner 
revealed wall material thickness reduction in one small section of the combus- 
t.or liner. The post test inspection also revealed that the slag tap block was 
mostly removed which was due to either the slag breaker action or slag attack. 
On the other hand, post test analysis showed no si&nificant ceramic or slag 
loss on the wall of the exit nozzle. This is the opposite of prior experience 
with fuel lean operation. 
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-Based on wall thermocouple readings, the ceramic liner temperatures were 
a strong function of the slag properties in the combzstor. Ihrbg coal only 
firh periods. the temperatures were generallvhiqh indicating that the iron. 
in the slag was removing accumulated slag and ceramic,wall material. As noted, 
this,was confirmed by post-test visual observation. By ad.iustinr! the slag 
properties with sorbent, it wa6 possible to lower the temwrature readings, 
indicating a thickening of the slag layer. 

-The present liner ha6 been in place since March 1988, and it has been 
patched in several small sections with ceramic mortar only two or three times 
times since then. The last time was in early September 1989, which was prior 
to the second ~4 day test. Since that time. between 250 and 300 hours of~opera- 
tion have taken place. It is only in .this 4 day test that a~ significant wall 
material loss occurred. This is attributed to the very fuel rich operating 
conditions, and to the high iron content of the slag. 

-In several prior multi-day tests, extensive ceramic material 1066 was 
experienced in the exit nozzle. However, Since the %Ptember &Et no mbZria1 

losshas beenobserved. With the exception of the ash injection tests, this 
period has been one of fuel rich operation, while the prior period was one of 
mainly fuel lean operation. 

-This was the first test that very fuel rich operation, i.e. stoichiomet- 
ric ratio as low as 0.63, resulte&in very gocd combustion efficiency. Comtus- 
tion efficiency can be approximately determined by examining the slag rejected 
by the slag tap. Pcor comtystion results in a significant carbon content in 
the 61~. This was not observed to any simificant extent during the present 
test. The higher efficiency is attributed ta the steady coal feed rate. and to 
the high thermal input used in this test series. It is not clear whether,a new 
air pre-heat EYE~XID, which installed and used for the first time in this test. 
was a significant factor in the higher combustion efficiency. The input 
averaged 14 MFBtu/hr on the 1st and 2nd day, and l6-17 MMBtu/hr on the 3rd 
day. SR ranged from 0.63 to 0.86. 

-h-bent injection in the combustor with limestone or lime produced 20-402 
reduction in stack S02. Lima injection in the furnace produced 56%. 67%. and 
62% measured reductions in stack SO2 during various test periods. This 

reduction is based on the SO2 reading prior to injection, not on the coal 
sulfir which varied considerably. 

-The sl& tap clearing EYE~&II operated without problems on all 4 days. and 
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the t&p was always kept open. However, the slag tap rort suffered severe 
materials loss which was attributed either to the iron in the slag,or the slag 
breaker. 

- A new result was the very strong odor of sulfur emanating from several 
of the large slag pieces that were removed from the slag tap. These samples 
were subsequently analvzed and they were found to containup to 10% of the coal 
EUlfur. This was the highest EUlfUr concentration measured in slag to-date. 

CONCLUSION: The results exceeded the t.eEt objectives. The coal firing 
rate was so hi& that 6 tons of coal were consumed in 3 da!fS, compared to a 
maximum of 6 in prior 4 day tests. The sorbent injection tests in the boiler. 
which were not pax-t of the original test plan. yielded very hi& SC2 reductions 
of up to 62% at a CWS of 3. In general, the test proceeded very well. The 
only area of some concern is the ~wall material loss in one small pa-t of the 
liner, and the slag tap block materials loss. both of which may be attributed 
to the high iron content of the slag and the very fuel rich operating condi- 
tions. 

The -4 Dm l&t- (FC26). 5/21 to 24/90 

Test: The refractory interface between the combustor and exit 
nozzle was rebuilt to correct a material loss problem that had recurred at that 
location in several prior tests during the course of the project. The root.of 
this problem was a design defect caused by an incorrect thermal analysis of 
that Wion. The new iristallation has performed as per d66iw in both the 
final 4 day Clean Coal test in a series of subsequent combustor tests to this 
date (cM.1990). However; hit was necessary to replace the exit nozzle refracto- 
ry after this last Clean Cc& Test as the installation at the interface section 
was incomplete. Since that time. the new exit nozzle section has operated with 
no observable materials loss. 

The new secondary air pre-heat system produced no obeenrable improvement 
in the fuel rich comtustor performance. Instead it caused a local overheating 
problem in one section of the combustor, and it has not been used since the 
trial in the 4th 4 day test. 

The March test ShOWed that it was possible to maintain the thickness of 
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the air cooled combustor wall refractory liner with proper thermal control. 
This would eliminate the need for periodic refurbishing of the liner wall. To ,i 
implement this ,procedure and to take advantage of the operating experience 
gained in the prior three years, it was decided to proceed with computer con- I 
trol of the combustor's operation prior to the final Clean Coal test. While 
all the necessary components and computer equipment were in place prior to the 
last Clean Coal test, the system was not ready to assume control of the comb- 
tar-s operation. It was therefore decided to proceed with manual control and 
to use the computer for limited data acquisition on a trail basis. In post 
Clean Coalteststhe computer has been gradually introduced to control the , 
combustor. 

w As this was the final test of,the Clean Coal project, 
Coal Tech exten&d invitations to project sponsors, namely, IDE, PEDA. and 
PP&L, to observe the second day of the four day test. Messrs. Cc&es, Gyorke, 
and Watts of DOE, Bickley and Garbacik of PELN .and Marston of Villanova,U. 
attended the second day test. 

Mav lB& A final check.of the operation of all the new equipment 
was made on the 18th. This included usb both the cormxlterand electrical 
potentiometers to manipulate all the new valves. The comhstor was operated on 
gas and oil for a~number of hours while all the new equipment was checked. 

RAY l- -0 The coal selected for this. test had a nominal 2% 
sulfurcontent. and a 250 poise slag viscosity temperature that was several 
lOOoF higher than in the February tests. Goal,firing began around noon and 
Continued for about 5 hours. The thermal, input was abut 14 hBBtu/hr, and the 
stoichiometric ratio was about 0.77. One significantly differentaspect which 
differedinthis test from the prior Clean Coal tests was the injection of suf- 
ficient.sorbent into the combustor to obtain a C&/S ratio of 3 in the combus- 
tar. On this day, a range of C-a/S from 2.1 to 3.4.was used. To maintain pro- 
per slag flow at this high calcium content in the slag, fly ash from a PA bitu- 
minous coal was also injected in the combustor. The ash injection rate ranged 
from 160-350 lb/hr. IXle to the high viscosity of the cash in the coal, the 
slag flow.in this test was considerably slower than in the March test. This 
meant that the slag residence time in the combustor was greater allowing slag 

desulfurization. The SKj2 reduction at the stack was only 13-24%. 
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The only ,problemencountered on the first day, was with the slag 
conveyor. It jammed:^and had.tc bs removed from the slag tank for cleaning. 
Ixle to the press of other test activities,~ it was not possible to reinstall the 
61ag conveyor until.the third day. It functioned properly for the balance of 
the test. This was the first time that the conveyor was removed during a test 
since late last year. 

m The combustor.6 internal were briefly in6pectad at 6:39AM; and the 
preheat resumed. Coal firing began at about lo:30 AM. The visitors arrived 
after 11 AM. After an overview presentation, they visited the test facility 
between 1 and 2 PM. The visit at the test site included a demonstration of~the 
comRlter control sy6tem, and observation of the combustor.6 operation on coal. 
Thermal in&& was about 11 MMhUhr at a stoichiometric ratio of 1.1 to 0.88. 
Coal firing continued to about 5 FM. at which time the,comtistor was placed on 
ovemight~pilotplant'operation. Limestone injection at a Ca/S ratio between. 
1.6 and 3 produced a 27% to 34% So2 reduction at'the stack. ,.Lime injection at 
a Ca/S of 2.4 prcduced So2 reduction6 of 40-47%. Simultaneous ash injections 
was at'the rate of 70 lb/hr. 

Ixle to the defective oil flow,valve, Computer operation was limited tc 
comb&or control during coal firing. However, certain flaws in the process 
control software required considerable~rewriting~of part6 of the inFut instruc- 
tion6. A6a result, the comp~t& was only able'to read the comRlter operating 
data on the 'first three days of the test. It was only onthe 4th day, that 
very limited computer control of the cofobustor was'attempted. 

-'The objective of this'day's testwas to further reduce the stoichio- 
metric ratio to improve sulfur capture. The high viscosity of the coal.pro- 
duced operational problems a6 the stoichiometric ratio wa6 reduced. The slag 
removed from the combustor contained exten6ive char particles suggesting p3or. 
comlxlstion. In addition, considerably slag flow was ob6erved to cover the front 
wall of the boiler at the combustor exit. Eventually ,this flow was sharply re- 
duced as a slag dam developed acro66 the lower half of the nozzle exit. Ixle to 
an error, the cooling circuit to the~mechanical ,slag breaker was not turned on, 
and the slag breaker became stuck in the,Slag on it6 first u6e. By the time it 
wa6 removed, it wa6 deformed and it was difficult to use thereafter. To improve' 
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the combustion in the comktor. the stoichiometric ratio was,increased to an 
average of 0.8.during the balance of the test at a thermal input of 12.6 to 
13.6 !lMBtu/hr. :This greatly improved the combustg performance but .the 
combustion of unburnt char which had accumulated on the combustor wall, flooded 
the slag tap, ,which further increased the difficulty ,in slas tap operation. 

Lime injection at a Ca/S of 1.6 to 2.5 produced So2 reductions of 23%/24% 
to 51%/58%, respeotively. .~ 

Gne other problem that was encountered wa6 caused by low water flow to the 
boiler house. This limited the water available to the water cooled parts of 
the combastor, and serious water hammer developed for a brief period until the 
water flow distribtion adjusted. At the.end of the coal firing period. 'an 
interna~in6paction of the a&u&or revealed a minute water leak, caused by 
the water hanrser. inside~the combustor at one of the water cooled sections. It 
was, therefore, decided to leave the com'custor shutdownovernight, and to 
reinspect the com?xastor in the morning. .' 

RAXk Internal inspection of the ocmtustor revealed what appeared to bs 
two pinhole water leaks. ,Since only .a small part of the cOmbxtor is water 
cooled, and the leak appeared to beminute, it was decided tocomoletethe 
fourth day of the test. tiring initial heatup. a 6i&rnificant quantity of 
n~ist~re collected on the observation port.6 in the boiler, which was higher 
than would be expected from a small pinhole leaks. However, this moisture 
disamred as the cOmtu6tor heated up. 

The primary objective of this final test day of the Clean Coal project was 
to study Slag desulfurization by ink&ion gypsum [CalCiUm SUlfatE] instead Of 
lime or limestone in the combU6tor. Coal firti began at.about noon and con- 
tinued for over 1 hour. However, after several u6es of the slag breaker. it 
became increasingly difficult to remove ,it after becoming 6tuchi.n the slag. 
It was thus obvious that rapid slag flow qxld not be achieved with the exten-, 
sive Slag,dePO6itG in the slag tap. Therefore any slag sample6 collect&would 
not provide,a meanin&ul~a6sessment of, the fate of the sulfur after injection 
of the gypsum. For this -on, it was decided to stop the coal firinsand 
continue with oil firing. This would allow testing of the computer control. 
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The Computer Operation test fOCUS6ed on the Pr0cedUi-e t0 be USed t0 main- 
tain the materials integrity of the combustor wall. The computer wa6 generally 
able to accomplish this task. However, the operation revealed certain shortcom- 
in476 during periods of rapid changes of input variables. This was COrreCted in 
subsequent tests. Computer control continued for several hours. Finally. an 
error in the control logic wa6 detected when the computer cutoff the airflow 
to ~the combustor in an attempt to maintain constant thermal conditions. This 
resulted in a flameout. Since it was late in the day, it was decided to end 
the test. 

Post Test An internal inspection of the combustor the fol- 
lowing week, revealed that a crack of several inches in length had been opened 
at one of the‘welds in one of the water cooled sections of the comla.&.or, 
presumablv during the period of water hammer conditions. The only apparent 
damage from the Water leak was a lOO6eniniZ of several square inches of Wall 
refractor-Y at a point on the lower sidewall near the upstream end of the 
comtu&.or This wa6 patched. 

To~prevent this water cooling problem in the future, the water flow to the 
affected part modified by adding a water Pump in that location. It should be 
noted that the location of the weld crack was in the same place as a prior 
crack that had developed during reinstallation of~the combxtor after its 
disassembly in March 1988. The repairs were made aft..ertheMay test6 and no 
further problem6 have been experienced. 

The ceramic in the slag tap wes found to have been damq@ due to the 
problems with the slas breaker and the affected parts were replaced. As noted 
this problem developed due to a hurmn error. and it has not recurred. 

m The,comt%tor operated atDut 68 hours, including the brief 
pm-heat period on the 18th. and the continuous period from Monday morning to 
Wednesday evening. of this period. about 19 hour6 were on coal and about 6 
tons of coal were consumed. The totalcomtustoroperating period since the 
beginning of the Clean Coal project wa6 approximately 900 hour, ,including all 
fuel6 with about 100 hours from the ash tests. About l/3 of that time was on 
coal. 
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The present test produced mositive results and, some disappointments. The 
failure to turn on the cooling to the slag probe on Wednesday..:mming was most:,' 
probably the primary reason from the difficulties with the 61% tap on the last 
two days: This resulted in incomplete SO2 test results. on that day, and the 
premture terminatiofi of the calcium sulfate injection test on the 4th day. 
The ohervezl 58% peak SOYreduction on .the'3rd day suggests that possibly 
better results could have been obtained with propervery fuel rich operation. 

One positive result is that all 5 four day tests 'in Phase 3 were completed 
with 4 days of testing in all cases. Fuel. rich oprration was implemented for 
most of this time, compared to the anticipated need to operate fuel lean for 
efficient comtition. Also, the preliminaryresults of the computer control 
modification were very promising. 

On balance. the Clean Coal pmject,yielded most of the results that were 
anticipated. The condition for long duration -opei-ation have identified during 
the tests. Also, sufficient data was obtained which suggests that considerably 
higher sulfur capture and r&ention in the slag could be achieved. A series of 
tests have been identified that could~ rapidly resolve the remaining issues on 
sulfur capture in the combustor. On the other hand, the very hi& sulfur 
capture~of 82% in the boiler furnace was unanticipated. 

Perhaps a most sbificant result is that in the final l-l/Z years of the 
project nearly all the scheduled test periods were completed. Even when unanti- 
cipated operational problems or equipment malfunctions arose, it was generally 
possible~to repair them and proceed withthe test without early termination. 

This combustor was the first conrmercial scale operation of Coal Tech's 
comtustor. The air cooled design concept is sound, and the design mcdifica- 
tions. as well as the operational procedures needed for long duration operation 
have been identified. The next'step is computer controlled round the clock 
operation on coal, as well as further optimization of the sulfur control 
process in the wmixstor. 
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TESTS 

HEATIN 

PCTPC 

SRl 

SR2 

GLOSSARY OF TERMS 

Test number and condition number. E.g. PC26-la is test 
PC26, condition la. 

Total fuel heat input in MMBtu/hr 

Percent contribution of coal to HEATIN 

First stage inverse equivalence ratio or fraction of 
theoretical combustion air. 

Second stage inverse equivalence ratio. 
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l~‘sTfiT Edi tar 
case 

1 
2 
3 
4 
5 
6 
7 
Ei 
9 

10 
11 
12 
15 
14 
15 

YYSTAT Editor 
CEASE! 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

TESTS HEATIN PCIPC SRl SR2 
PC9- 1 17.200 30.060 0.890 1.190 
PC9-2 17.800 3Ei.oocl 0.900 1.1”O 
PC9-3 18.400 33.000 0.900 1.180 
FJC9-4 18.200 40.000 0.900 1.190 
PC9-5 17.700 28.000 0.700 1.270 

PC9-6.3 17.700 27 .ooo 0.710 1.130 
PC9-Cb 17.400 26.000 0.730 1. 160 

PClO-la 12.800, 41 .ooo 0.810 1.390 
PClO-lb 12.E100 41.000 0.1310 1.390 

PCll-I 6.730 81 .ooo 1.680 2.750 
PCll-2 9.740 87.000 1.170 1.910 

PClL-3a 12.260 R9.500 1.050 1.630 
PCll-3b 12.360 89.500 1.050 1.630 

PCll-x 15.070 91.400 0.860 1.340 
PCll-4a 13.560 9Q. 400 1.010 1.540 

TESTS 
PCll-4b 

PC12-1 
PC12-2 
PC14-1 

PC14-2a 
PC14-2b 

PC14-3 
PClS-1 
PClS-2 
PC15-3 
PCL5-4 
PC15-5 
PC15-6 
PC1.5-7 
PC15-8 

HEATlN 
13.560 
15.950 
15.630 
18.720 
16.700 
15.360 
15.570 

3.330 
4.170 
5.260 
5.?60 
7.330 
9.240 
9.340 
9.340 

PCTPC SRl SR2 
90.400 1.010 1.540 
73.000 0.880 1.250 
92.000 0.950 1.330 
93.000 0.820 1.230 
92.000 1.000 1.450 
91.500 1.070 1.570 
94.000 1.090 1.580 

0.000 2.020 2.020 
0.000 1.870 1.870 
0.000 1.490 1.880 
0.000 1.510 1.870 

52.000 1 .h70 2.430 
65.000 1.330 1.910 
67.000 1.250 1 E:20 
68.000 1.360 1.930 
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IYSlPT Ed; to,- 
Case 

31 
32 
33 
34 
35 
34 
37 
38 
39 
40 
41 
42 
43 
44 
45 

YYSTAl Editor 
Case 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

TESTS 
PC17-2 
PC17-3 
PC17-4 
PC17-5 

PC18-la 
,PClB-lb 
PClS-1c 
PCl8-2a 
PClB-2b 

PC19-1 
PC19-2 
PC19-3 
PC19-4 

PC20-la 
PC20-lb 

TESl$ HEATIN PC1 PC Siil SR2 
PC15-9 11.350 40.000 1.130 1.600 

PC15-10 IO.OS@ 63.000 I, ,420 1.950 
PClS-11a 9.950 57.000 1.450 1.990 
PC15-llb 10.350 67.000 1.390 1.900 

PCl6-la 13.270 58.000 1.150 1.290 
PC16- lb 15.0?0 58.000 1.120 1.470 

PC16-2 9.340 0.000 1.310 1.410 
PCJ~6-3 11.440 0.000 1.130 1.580 

PC16-4a 10.480 75.000 1.190 1.700 
PC16-4b 10.480 81.000 1.410 1.930 
PC16-5a 10.820 91.000 1.370 1.870 
PC16-5b 11.830 57.000 1.000 1.450 
PC16-SC 11.950 67,. 000 1.120 1.550 
PC16-Sd 10.930 65.000 1.240 1.730 

PC17-1 10.490 83.000 0.870 1.600 

HEO?IN PCTPC SRI 
10.190 83.000 0.900 
10.090 82.500 0,890 
11.350 84.000 1.360 
10.650 83.000 1.120 
11.320 85.000 1.240 
11.320 85.000 1.230 
11.320 85.000 1.2’40 
11.110 85.000 1.260 
11.110 85.000 1.270 

9.470 0.000 1.270 
11 .OlO 73.500 0.920 
15.740 69.500 ~0.990 
15.44,0 70.000 0.950 
12.360 88.000 1.080 
11.560 87.000 1.190 

SR? 
1.650 
1.640 
1.500 
1.270 
1.730 
1.710 
1.710 
1.720 
1.730 
1.270 
1.920 
I.160 
1.120 
1.210 
1.260 
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IYSTAT Editor 
Case TEST.% 

61 PC?O- 1c 
6% PC20-2a 
63 PC20-2b 
64 PC?O-3a 
65 PC20-3b 
66 PC20-3c 
67 PC20-4 
68 PC22- I. 
69 PC22-2a 
70 PC22-2b 
71 PC22-3 
72 PC22-4 
73 PC22-5 
74 PC22-6 
75 PC23-la 

HEATJ N PCTPC 
11.900 a7.000 
12.560 h6.000 
12.360 65.000 
12.350 89.000 
13.380 09.000 
12.870 69.000 
13.870 87.000 
12.510 86.000 
11.660 86.000 
13.020 87.000 
12.710 87.000 
12.910 87.000 
12.910 87.000 
12.910 87.000 
12.760 87.000 

YYSTAT Editor 
case 

76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

TESTS I -lEeTIN PCTPC SRl SR2 
PC23-lb 12.760 87.000 1.330 1.790 
PC23- 1c 12.760 87.000 ~1.330 1.770 
PC23- Id 12.760 6’6.500 1.350 1.810 
PC23-2a 12.460 64.000 1.330 1.790 
PC23-2b 12.560 88.000 1.330 1.780 
PC23-2c 12.560 88.000 1.330 1.795 
PC23:2d 12.460 88.000 1.460 1.920 
PC23-2e 12.760 88.000 1.490 1.960 
PC23-2f 13.060 87.000 1.190 1.660 
PC23-3a 12.360 86.000 1.320 1.820 
PC23-3b 12.560 86.500 1.380 1.870 
PC23-3c 12.760 87.000 1.360 1.830 
PC23-3d 12.760 87.000 1.360 1.820 
PC23-4a 13.170 88.000 0.800 1.585 
PC23-4b 13.170 88.000 0.800 1.780 

SRl SR2 
1.160 1.230 
1.130 1.195 
1.110 1.210 
1.120 I .190 
1.160 1.210 

‘1.170 1.240 
1.010 1.120 
0.910 1.470 
1.260 1.830 
1.220 1.730 
0.975 1.520 
0.975 1.500 
0.925 1.600 
0.885 1.580 
1.330 1.780 
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IYSTA? Ed1 tar 
case 

91 
9? 
93 
94 
95 
96 
97 
9H 
99 

'~ 100 
101 
102 
103 
104 
105 

TESTIS HEATIN 
PC23-4c 14.390 
PC23- 4d 1~4 610 
PC23-4e 14.610 
PC23-4f 14.590 
PC24- la 11.740 
PC?4-lb 11.740 
PC24-lC 11.800 
PC24-ld 11 .ROO 
PC24-le 11.800 
PC24-2a 12.310 
PC24-2b 12.620 
PC24-2c 12.620 
FJC24-2d 13.320 
PC24-2e 12.820 
PC24-3a 15.930 

f’CTPC 
62.000 
60.500 
60.500 
681 .ooo 
64.000 
64.000 
64.000 
64.000 
64.000 
72.000 
73.000 
73.000 
74.000 
73.000 
73.000 

SRl 
0.720 
0.710 
0.710 
0.710 
0.890 
0.900 
0.900 
O.R70 

~O.RaO 
0.810 
0.7Di, 
0.7c)O 
0.750 
0.770 
0.750 

1 

1 

YYSTAT Editor 
Case 

106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
318 
119 
120 

TEST$ HEATIN 
PC24-3b 15.720 
PC24-3c 15.930 
PC24-3d 16.230 
PC24-4a 16.450 
PC24-4b 16.150 
PC24-4c 16.150 
PC24-4d 16.390 
PC24-4e 16.390 

FA3-da 8.680 
‘F&4- la 10.550 
FA4-le 10.550 

FF14-3 10.800 
FA4-7 11.060 

PCZS- la 13.250 
PCZS- 1 b 13.780 

615 
590 
590 
590 
730 
740 
730 
700 
710 
630 
580 
590 
510 
550 
540 

PCTPC’ SRl SR2 
‘68.000 0.760 1.560 
68.000 0.750 1.540 
69.000 0.735 1.510 
72.500 .’ 0.740 1.500 
71 .ooo 0.750 1.560 
71.000 0.740 1.560 
71.500 0.730 1.540 
71.500 0.730 1.530 

‘82.000 1.120 1.810 
~76.000 1.690 1.770 
76.000 1.690 2.150 
76.000 0.750 1.430 
77.000 0.860 1.780 
81.000 0.810 '1.410 
82.000' 0.780 1.340 
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l’fSl’&T Edit.01 
CdZ.3 1 

121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 

I EST* HEPlTJN PCTPC SR1 
PCZS-lc 13.780 82.000 0.770 
PCZS-ld 1,4 .R4O 83.000 0.710 
PCZS-le 15.360 84.000 0.700 
PC25-If 15.360 a4.000 0.715 
PC25- lg 15.360 84.000 0.680 
PC25-2a 13.780 82.000 0.790 
PCZS-2e 14.040 82.000 0.790 
PCZS-2f 14.310 83.000 0.770 
PC25-2g 14.840 83.000 0.750 
PCZS-2h 14.840 83.000 0.750 
PC25-2i 14.570 83.000 0.740 
PC25-2 j 14.570 83.000 0.740 
PC25-2k 14.570 83.000 0.740 
PC25-21 14.040 82.000 0.770 
PC25-2m 14.570 83.000 0.740 

SR2 
1 
1 
1 
1 
1 
1 

YYSTQT Editor 
Case 

136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 

TESTS HE&TIN 
PC25-3a 16.420 
PC25-3c 15.890 
PC2S-3d 16.690 
PC25-3e 16.690 
PC25-3f 16.950 
PC25-3h 16.690 
PC25-3i 16.420 

EPAl-1 ,9.310 
EPFIl-2 9.310 
EPFIl-3 9.310 
EPFIl-4 9.740 

EPAl-5a 9.500 
FA3-1 8.680 
FA3-2 8.680 
FA3-3 8.680 

PCTPC SRl SR2 
85.000 0.660 1.240 
84.000 0.680 1.280 
85.000 0.650 1.220 
85.000 0.650 1.220 
85.000 0.630 1.190 
85.000 0.630 1.200 
85.000 0.630 1.210 

0.000 1.270 1.970 
0.000 1.270 1.970 
0.000 1.150 1.850 

44.000 1.090 1.730 
43.000 1.200 1.830 
81.500 1.250 1.940 
81.500 1.210 1.900 

.81.500 1.210 1.900 

340 
240 
210 
220 
190 
370 
340 
310 
270 
270 
270 
270 
270 
320 
270 
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IYSTAT Edi tar 
Case TESTS 

151 F&3-4 
152 FA3-5 
153 F&4-2 
154 FA4-4a 
155 FA4-5 
156 F&4-6 
157 FAS- lc 

~158 FA5-le 
159 FFIS-lf 
160 FAS-li 
161 PC25-3b 
162 FA4-lb 
163 FA4-lc 
164 F&4- Id 
165 PC25-2b 

YYSTQT Editor 
Case TEST$, HEATIN 

166 PC25-2c 12.720 
167 F&4-4b 10.800 
168 PCZS-2d 1'3.250 
169 PCZS-3g 16.160 
170 FA3-6b 8.680 
171 FA3-6c 8.680 
172 EPAl-5b 9.500 
173 EPFI2-lb .lO. 050 
174 EPfi2-lc 9.950 
175 FA1 12.940 
176 FA2 10.940 
177 F&6-1 ‘10.830 
178 FA6-2 10.830 
179 F&6-3 10.830 
180 FA6-4 10.830 

HEATIN PCTPC SRl SR2 
8.680 81.000 1.190 1.880 
8.680 81.000 1.160 1.840 

10.550 76.000 1.400 1.840 
10.800 76.000 0.750 1.440 
10.55G 76.000 0.790 1.470 
10.550 76.000 0~840 1.800 
11.660 82.000 0.960 1.370 
11.560 82.000 0.970 1.390 
11.450 82.000 0.965 1.380 
11.450 82.000 0.965 1.380 
15.360 84.000 0:710 1.380 
10.550 76.000 1:740 1.840 
10.550 , 76.000 1.740 2.230 
10.290 75.000 1’. 560 2.050 
13.780 82.000 .0.790 1.430 

PCTPC SRl~ SR2 
80.000 0.860 1.490 
76.000 0.750 1.450 
81.000 0.830 1.495 
84.500 0.660 1.290 
82.000 1.120 1.810 
82.000 1.120 1.810 
40.000 1.290 1.830 

0.000 1.100 1.250 
0.000 1.120 1.750 
0 ..ooo 1.010 1.150 
0.000 .1.180 1.180 

87.000 1.180 '1.490 
87.000 1.200 1.520 
87.000 1.200 1.520 
87.000 1.170 1.480 
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IYSTfiT Editor 
case 

181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192. 
193 
194 
195 

‘1YSTAT Edi tar 
fZ2.S.e 

196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 

TESTS HEATIN PCTPC SRI SR2 
FA4-5 10.830 87 .ooo 1.120 1.430 
FA6-6 10.830 87.000 '1.120 1.430 

ITl-la 8.970 59.000 l'.OOO 1.400 
ITl-lb 8.970 59.000 1.000 1.700 
ITl-lc 8.970 59.000 1.003 1.700 
ITI-ld 8.970 59.000 1.140 1.840 
ITl-le 8.970 ,59.000 1.195 1.890 

X26- la 14.410 93.500 0.750 1.250 
PC26- 1 b 14.410 93.500 0.770 1.260 
PC26- lc 14.410 93.500 0.770 1.260 
PC26- Id 14.410 93.000 ‘0.780 1.290 
PC26- le 1.4 . 4 10 93.000 0.790 1.300 
PC26-2a 9.060 77.000 1.100 2.320 
PC26-2b 9.060 77.000 1.100 2.320 
PC26-2~ 9.060 77.000 1.100 2.320 

TEST$ HEATIN PCTPC sdi SR2 
PC26- 2d 9:060 77.000 1.100 2.320 
PC26-2e 9.060 77.000 1.040 2.270 
PC26-2f 10.820 81.000 0.860 1.890 
‘PC26-29 10.820 81.000 0.890 1.920 
PC26-2h ,lO. 820 81.000 0.890 1.920 
PC26-3a 13.510 89.000 0.740 1.460 
PC26-3b 13.,510 89.000 0.750 1.470 
PC26-3c 13.630 89.000 0.810 1.530 
PC26-3d 12.370 83.000 0.830 1.630 
PC26- 3e 12.370 ,83.000 ,0.860 1.650 
PC26-4a .9.900 85.000 0.960 1.490 
PC26-4b 9.690 84 000 1.090 1.640 
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1. INTKJDDCTION 

In an attempt to unravel the complex interactions of comtustor operating 
conditions on test obeervables, the Clean Coal.data base, supplemented by the 
DOE and PA ash conversion data, was subjected to statistical analysis. The 
extensive data base consisted of a matrix sized 207 X 45, i.e. there were 207 
separate test conditions. each having up to 45 different observations or mea- 
surem5nts. Thus the matrix potentially consisted of over 9000 entries. How- 
ever, in many oases certain measurements were not always taken so that the 
actual data base consisted of about 6500 entries. It should be noted that the 
Clean Coal data base did not include tests with the initial liner since most of 
that data was obtained in preliminary testing, where combustion efficiency and 
slagging were very poor and, in any case, the recorded data were not as comprs- 
hensive as with the new liner. Thus, ~a11 results are for the new liner only. 

2.. DEFENDlINT& INDEPENDENTVARIABLES 

The initial step in the analysis was to divide the 45 variables into depen- 
dent and independent variables. The dependent variables were ,the,test obaerv- 
ables of interest such asNCx and SC2 levels in the boiler outlet, the liner 
temperature, combustion efficiency, etc. The nominally- independent variables 
included first and second stage stoichiometries, fuel type, heat inplt, calci- 
um/sulfur ratio and so forth. The nominally independent variables were then 
correlated and plotted against each other to determine the degree of mutual 
interaction. If the interaction between two variables was high, then only one 
was selected for subsequent use in model*. otherwise, one could obtain re- 
suits which are contradictory or unintelligible from a.physical model point of 
view. It should bs noted that high levels of positive or negative correlation 
between variables in any given data base are a mathematical result and do not 
necessarily suggest a cause-and-effect relationship. Guite often, however, 
this kind of coupling doss occur. For example, analysis showed a high degree 
of positive correlation between the coal firing rate in PpH (PPHFC) and the 
percent contribution of the coal to the total fuel heat inrut WTFC). From 
test experience, it is known that as the coalfiring rate went up, the coal's 
pxcentsge of the total fuel also went up.. 
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Winnowing of the independent variables was followed by linear regression 
mdeling of the dependent variable6 against various combinations of the, remin- 
ing independent variables. However, for the sake of'simplicity, no "X*Y" tems 
were included. Retention of ah independent' variable in any given model was 
based on its having a low probability, (two-tailed significance)- of zero coeffi- 
cient and possessing a high tolerance or orthcgonality, 'i.e. one independent 
variable cannot be easily modeled by the other independent variables in the 
model. In cases where two or more models; having different but non-orthogonal 
independent variables, could be constructed for a given dependent variable, the 
one that,covered the most cases, while providi& a "good fit" or high R- 
squared, was chosen. 

,,. ,~ 

A unique situation arose in evaluatingthe noniinally independent slag T- 
250 tempeyature (oxidizingconditionsS 01 OXIDl'250. 'Even though OXIDT250 is 
operationally independent, efforts to include it in models also having total 
fuel heat inwt (HEATIN) as an independent variable were unsuccessful~ owing to 
the very low mutual tolerance of these two variables. The probable explanation 
is that at highcoal firing Pates, coincidjng with high HEATIN, the slag T-250 
generally increased due tophysical limits on the maximum flow of fluxing 
agent. In any case, one of these variables had to be ,eliminati. Since 
OXIIYT25O~cccurred in the data base only 66 times vs. 207 tiices for HRATIN, it 
was deselected. Attempts to build models with OXIIYT250 while excluding RRATIN 
were inconclusive. 

Finally, the effects of second'stage or boiler sorbent injection, as well 
as the effects of fly ash injection, on key prccess observables could,not be 
evaluated statistically sticethe number of non-zero cases was very low: In 
the case of sorbent boiler injection, there was 'mliy no need for this ap- 
preach since experimental results clearlyshow a cause-and-effect relationship 
between injection of calcium hydrate inbthe boiler and reduction of SO2 in 
the boiler outlet. In addition; testi& also showed that limestone was much, 
less effective than hydrate for this application. These results arepresented 
in section 3.65. In the case of fly ash injection; m&delingoccasionally 
revealed some low level of influence on.various ,measurables. However, more 
experimental data would be needed to clarify this; ', 
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3. EFFECTS OFOPERATING CONDITIONSON F'RRFORMANCE 

After evaluating hundreds of models, it was determined that all key 
prccess observable6 could bs adequately accounted for by nlodels havingfour 
independent variables, nauely, first stage inverse equivalence ratio (SRl), 
combustion swirl air pres6ur6 (SWIRLPR in "WC), total fuel heat in&ut (RRATIN 
in MMBtu/hr). and percent contribution of coal to the~total heat inp& 
(FCTFC). In addition, models of the sulfur related independent variable6 
includezl the Ca/S mole ratio (CASRAT). 

To determine the relative effects of the above four (or five) independent 
variable6 on test obeervables, model predicted values for these observable6 or 
dependent variable6 were calculated. These calculations were perfonrted by 
varying one independent variable at a time over its normal range while the 
remaining independent variables were held at their average values. The range6 
and average values, respectively, for each independent variable were: SRl, 0.6 
t.ol.3, 1.03; SWIRLPR, 10 to 40, 17.8; RRATIN, 8 to 20, 12.35; FCTFC, 0 to 100, 
71.5; CASRAT, 0 to 3, 1.33. Independent variable effect6 on a given dependent 
variable were then gauged by comparing the spread6 in the calculated indepen- 
dent variable resulting from each independent parameter's normal variation. 
The spreads in the calculated dependent variable6 were quantified by expressing 
the minimumcalculated value as apercentchange from the maximumcalculated 
value. A positive percentchangewas choeen to indicate that the dependent 
variable increased as the independent variable increased, while a negative 
change meant that the dependent variable decrea6ed as the independent variable 
increased. This method was chosen 60 that the strength~of a gives independent 
variable's effects could bsevaluated for different dependent variables, having 
different engineerine units, on a normalised~ba6ie. 

It should be empha6ized that the above commrieon method, while useful in 
gauging relative effects at average conditions, is less useful, and may even be 
misleading. in predicting the true or actually measured range of values for the 
various dependent variables. This reside6in the fact thatmodel predicted va- 
lues used in this analysis are based on the'full range of one independent vari- 
able plus the average value6 for the other independent variable6 in the model. 
In actual operation, the negative effect6 of one of the prccess variables on 
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good operation were ordinarily compensated for by varyingother parameters, 
usually away from their average values. 

One other point isthat linear.models of,experimental Observable6 yield 
only a general dependency on .the independent variables over,their range of 
values,., Thi.6 simple approach, while appropriate for dealing with a large and 
complex database, cannot describe detailed variable relationship6 associated 
with non-linear or 'bell shaped" curves. In these cases, physical modeling, 
based on empirical relations and/or theoretical principles, is preferred to 
statistical modeling provided that the Physical concepts are fairly well 
defined. ~The results of the above snalYsi6 on process observable6 or 
independentvariables of~,interes,t are diSCUSBed below by category.~ 

3.1. Combustion . 

There were three independent m&hods: to assess the degree of fuel utili- .: 
zation or combustionefficien~y as a percent of total combuetibles: slag carbon 
content, (SLAGCEFF),. measured air and fuel flows, vs. stack oxygen (GASCRFF), and 
carbon content of the Solid6 discharged by the scrubber (TSSCRFF). 'l)ese va- 
lues are expressed as ,percent conversion of fuel com?xstibles to final,pro-, 
ducts. ..SIdWXE? relates ,directly to the combustor~s operation,.which includes 
fuel rich conditions, .while the other, two relate to overall efficiency,~ includ.- 
ing second stage combustion with exce66 air. In percent units, the average 
measured value, standard deviation, plus high and low values for each of these 
variables is: SLAGCEFF: 99.8, 0.7, 100.0, 95.0; GASCEFF: 107.0, 9.0, 135.0, 
8l.O,TSS@FF: 94.4, 3.S,,99.8, 80.8. H&e16 based on the,four independent 
variables were constructed. Evaluation6 of the effects of the individual 
independent variables on each of .the.three combustion efficiency variable6 are 
presented below. 

3.I.l: v . 

For the.thre6 combustion efficiency variables SLXCEFF, GAXXFF, and 
TSXRE'F, the effect6 of SRl,.as maximum percent,variation in .the calculated, 
dependent variable, were +22X; +2S%, ,and +25X, respectively. The positive sign6 

indicate that all combustion efficiencies increased as SRl increased, which.is 
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expected on the basis of improved cO&JstiOn at stoichioaetric and low excess 
air conditions. The effect of SRl is nearly equal for all three combustion 
efficiency variables. It should be reiterated that the above percentages refer 
to the effects of SRl,on each of the independent variables when the other inde- 
pendent variables are at their average values. Thus the pxcentages do not add 
ta 100%. This convention is used tiu-ou&mt unless indicated otherwise. 

3.1.2. Combustidn 

Comtuetion air swirl pressure (SWIRLPR) effects on SLAGCEFF, GASCRRF, and 
TSSCEE'R, a6 maximum pm-cent variation in the calculated dependent variable, 
were -7X, -13%, and -lO%, respectively. The negative signs indicate that all 
comkstion efficiencies decreased 'a6 air swirl p~66~1-6 increased. This effect 
is likely due to increased liner surface cooling at higher swirl P~~EEUR. 

This phemmentin had been observed on several ccca6ions. This cooling probably 
result6 in partial quenching of the wall coal burning reactions, eE&ecialb at 

low SRl where endothermic char gasification reaction6 must procee&tO compleL 
tion to obtain good fuel utilization and/or.comk.mtion efficiencies. As.with 
SRl. the 6mall effect of SWIRUR is about the same for all three combu6tion 
efficiency variables. 

3.1.3. Fuel 

Fuel heat ihmt G-RIATIN) effects on SLAGCEFF, GASCEFF, and TSSCRFF, as 
maximum percent variation in the calculated dependentvariable, were +35%, 
+39%, and +3S%, respectively. The mitive sign6 indicate that all combustion 
efficiencies increased a6 fuel heat tit increased. This effect iE probably 
attributable to increased combu6tion intensity at higher firing rates, result- 
ing in improved fuel utilisation. As with SRl and SWIRLPR, the effect of 
HEATIN is about the same for all three combxtion efficiency variables. 

. . 3.1.4. Percent 

The percent of fuel heat input due to coal (FfXFCl effects oh SLAGCEZFF, 
GASCRFF, and TSFXEE'F, a6 maximum percent variation in the ~calculated dependent 
variable, were +2S%, +lS%, and +15%, respectively. The positive sign6 indicate 
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that all combustion efficiendies increased as the percent of coal firing in- 
creased. At first glance, this appears to bs unexpected since coal is more 
difficult to turn than ,natural gas or light oil, the auxiliary fuels used in 

the tests. However, ,a6 FCl'IC increases, the percent of auxiliary fuel decrea- 
ses and there is, therefore, less competition for oxygen from the premium .' 
fuels, and coal combustion can proceed to a greater extent. In~addition, and 
probably more im~rtantly, coal char comlxlstionkasification takes place to 
some extent in the combustor wall 61643 layer. As FCI'FZ goes up, there is rela- 
tively more coal ash/slag in which the char particles can be embedded for subee- 
quent reaction Via gas scrubbti. This interp=tatiOn is EUPFO~~~ by testing 

in ear&Phase III, which showed that the pre6enc6 of a liquid co&u&or wall 
slag layer was necessary to ensure good coal combustion. 

Unlike SRl, SWIRLFR, and RRATIN, the effect of FCTFC on. the three combus- 
tion efficiency variables is not the same. This is illustrated in figure A. 
FClTCappears to affectSJ&XRFF about twice as much as GASCEFF or TSSCEE'F. 
This is not unexpacted inasmuch as the latter two variables are’measures of 
overall combustionefficiency and thus include the effects of -nd stage,burn; 
out, which always takes,place under excess air conditions. SLAGCEFF, however, 
includes fuel rich combustion and would therefore be more susceptible to the 
oxygen competition and wall burning effects of FCTFC than the other variables. 

3.1.5. - 

Although each of thecombustion efficiency variables depends on several 
operating p6ram6terE. the relative effects vary., The following is the strength 
ordering of these effects. 

SLAGCEFF: HEATIN > FCTFC > SRl >> SWIRLPR 

GASCRER: IEATIN > SRl > FCIFC > SWIRLPR 

TSSCEFF: HRATIN > SRl > FCIPC > SWIFUPR 

These effects are depicted graphically in figures B, C, and D, where the 
parameter effects are normalized to 1OU % absolute. A6 noted previously, posi- 

A-II-6 



tive percent contributions mean that combustion efficiency increases a6 the 
numerical value of the operating parameter or independent variable increases, 
while negative percent COntribLItiOnE mean that COnkUEtiOn efficiency decreases 
as the value of the parameter increases. 

3.2. Process 

Three experimental observable6 are related to process temperature. The cal- 
culated liner surface temperature (LINERTEX), degrees F, is anindicator of.the 
combustor aall temperature. The combustor cooUng air tubs-hot-side tempera- 
ture ('I'RSTEMP). degrees F, is a directly measured variable which relates to the 
amount of heat being generated in and extracted from the comtustor. Finally, 
the wall heat flux in Btu/hr/ft2, as calculated from the cooling air flow and 
delta-T (AIRFLUX), is an overall measure of the thermal interaction between the 
hot combustion gases and the combustor wall. The average measured value, 
standard deviation, plu6 high and low values for each of these variables, were 
used in the analysis. The specific terms analyzed were LINEKIW, TRSTWP, and 
AIRFLUX. Models based on the four independent variables were constructed. 
Evaluations of the effects of the individual independent variables on each of 
the three p-66 temwrature variable6 are presented below. 

For. the three process temperature variable6 LINERIRM, THSTDlP, and AIR- 
FLUX, the effects of SRl, as maximum percent variation,in the calculated deperi- 
dent variable, were +22%, +21%, and +R%, respectively. The positive sign6 indi- 
cate that all ,prccess temperature indicators increased as SRl increased, which 
is expected on the ba6is of improved combustion efficiency and/or heat release 
at stoichiometric and low ex~e66 air conditions. This effect is naturally 
coupled to the effect of SRl on,combustion efficiency diacu6sed above. The 
effect of SRl is nearly equal for LINRFVD and 'l?iSm but considerably less 
for AIRFLUX. This difference is probably due to the fact that AIRFLUX is a 
measurement integrated over,the entire comtustor wall surface, including lmth 
the relatively cool mixing zone a6 well as the main flame or combustion zone. 
The other two measurements are lccalized to the downstream side of the comt~6- 
tar where the main flame zone is located. Peak flame temperatures strongly 
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depend on SRl so that flame zone wall temperatux mea6urem6nts are expected to 

be highly influenced. Alternatively, integrated or averaged wall thermal 
effects would tend to smooth out this SRl effect due to combustor geometry 
effect6 on radiative heat transfer. 

Analysis of combustor circumferential and axial wall thermocouple (TC) 
temperature measurements, made in early Phase III testing (March, 1988), showed 
that combustor heat release was essentially radially uniform bat axially non: 
uniform. Excluding the exit nozzle, approximately the first one-third of the 
combustor served as an air/fuel/sorbent mixing~sone and had a relatively low 
temperature, which was anticipated as this was the air-fuel mizing sane, while 
the rest of the comtxlstor had higher temperature and heat release. It should 
be emphasized that these measurements reflect the smoothing effect of radiative 
heat transfer, so that the actual differences in combustor zone gas tempera- 
tures are probably much greater than those ELUJ~~E~E~ by the wall TC msa~ure- 
merits. 

. . . 3.2.2. Combustion 

Combustion swirl air pressure (SWIRLPR) effects on LINEXl'Bl, TRSTRMP, and 
AIRJUIX, as maximum percent variation in the calculated dependent variable, 
were -8%, +7%, and +l%, respectively. The negative s&n for LINERl'Bl is in 
line with the wall cooling effect diECUSSed in the preceding section on comb&- 
tion efficiency. The positive sign for 'IRS- is undoubtedly an artifact of 

combustor operation. On numerous occasions, it ha6 been obeerved that increa- 
ses in swirl air pres6urf5, brou&t about by closing the swirl dampers, resulted 
in diminished cooling air flow via a backpresSuring effect, which also resulted 
in an ,increase in tube-hot-side temperature. The effect of SWIRLPR on AIRFLUX 
is negligible. 

3.2.3. Fuel 

Fuel heat &ut UiEATIN) effects on LINERTEH, THSTDP, and AIRFLUX. as 
~~~~JIXUII percent variation in the calculated dependent variable, were +37%, 
+35%, and +40%, respectively. The positive Signs indicate that all PrCC6ES 

temperature indicator6 increased as fuel heat input increased. This effect is 
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attributable to increased Combustion intensity at higher firh rates, result- 
ing in higher heat release. The effect of HFATIN is about the sarre for all 
three process temperature variables.. 

3.2.4. Eem-nt Coal, 

The percent of fuel heat inplt due TV Coal (m) effects on LINEKIEM, 
TRSTRtiP. and AIRFLUX, as maximum parcent,variation in the calculated dependent 
variable, were +27%, +23%, and +37%, respeCtively. The positive signs indicate 
that all pr0~666 temperature indicators increas& a6 the percent of coal firing 
inCrY?aSed. This effect is no doubt coupled to improved combustion efficiency 
at higher m a6 already noted. However,. the relative effect is larger for 
process temperature than for combustion efficiency. This is probablyattribut- 
able to enhanced wall heat transfer as K?PZ iXZa6eE, owing to its higher 
flame emissivity vs. oil & K, and the effects of wall bzrning The effect of i 
PcTpc on the process temwrature variables is essentially the same for LINERTRM 
and THSTEMP, but is somewhat,higher for AIRFLRX. This is illustrated in fig.E. 

3.2.5. Procefis 

The following is the strength ordering of,the effects of the independent 
variables on the VakOuS prCceE6 temperature var~iables. 

LINRRTRW: HRATIN > FGTK > SRl >> SWIRLPR 

THsTRP: HRATIN ) m q or > SR1 )> SWIRLPR 

AIRFLUX: HEATIN = or > PCTPC > SRl 

These effects are shown graphically in figures F, G, and H. 

Basically, process temperature variables are affected by the same .jndepen- 
dent variables, and to the same degree, as.the combustion efficiency vari- 
ables. This is to bs eqected, since gocd combustion is associated with high 
heat release. 
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3.3. Solids 

of the total solids injected into the Combustor, which include Coal, 
sorbent, and, on -ion. fly ash, various percentages of the non-combustible 
and/or non-volatile solids report as slag rejected by the camtustor (SLAGRRJ), 
a6 boiler deposits (B?ILR&I), as Scrubber solid6 (XRGBRBJ), and a6 atmospheric 
emissions. In a separate DOE SBIR project, aimed at evaluating the feasibility 
of converting 'utility fly ash to an envi ronmentallv inert slag, using the Goal 
Tech Combustor, non-isokinetic partiCulate sampling of the atmospheric dis- 
charge, downstream of the scrubber, was performed. R6EUltE of these prelimi- 
nary measurements showed that with Coal firing .(HFATIN = 10.6 IfME!tu/hr,~& = 
75%), plu6 comtitor sorbent and fly ash injection (0 to 150 PPH), the solids 
discharged to atmosphere accounted for about 0.5 to 3% of the total solids 
inwt. This relatively small amount was neglected in the present bulk solids 
distribution analysis. 

SLAGRRJ is actually a lower limit on ComWEtor slag retention since the 
measurement only ocCasionally included slag inventoried in the comh6tor and 
exit nozzle and basically WaS only the slag rejected throU& the tap. In our 
assessmsnt, the slag depo&t.ing in the exit nozzle, and flowing onto the boiler 
front wall and hearth, should be Considered a6 par-t of the comhstor slag. 
This iS e6PXiallY important at high Coal fire, when there can be large 6lak 
deposit6 in the exit nozzle, singe this material Can rarely backflow into the 
cmmbustor and be rejected through the tap. However, in practice. this material 
was 6eldCm included in the SLAGREJ mea6 urement since retrieval of this slag 
required Considerable effort and downtime. Thus, in the present analysis, this 
slag ended up a6 BOILRRJ by default. 

In addition, the lower SLAGPJZJ meas ursments were obtained for unoptimized 
parametric operation. This kind of operation was necessary for scoping the, 
effects of operating Condition6 on SLAGREJ, but does not reflect optimum 
performance. SiGRuBREJ was determined from the scrubber water discharge Solid6 
content and flow. BOILRRJ was obtained by difference, namely, BOILRRJ q 100 - .~ 
SCRUBREJ - SLAGFEJ, and is therefore an upper limit. As percents of total 
permanent solids, the average measured value, standard deviation; plus h&h and 
low values for each of these variables is: SJAGFSJ: 45, 13, 80, 18; BOILRID: 
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19, 14, 59, 0; SCRLTBREJ: 3S, 16, 66, 1. Models based on the four independent 
variables were constructed. Evaluation6 of the effects of the individual 
independent variables on each of the three bulk solids distribution variable6 
are presented below. 

For the three bulk solids distribution variables SLAGREJ, EKXLRJIJ, and 
SCRUBRFJ, the effect6 of SRl,'as maximum percent variation in the calculated 
dependent variable, were +50%, +45%, and -3%, respectively. The signs indicate 
that SLAGREJ and BOILRJZJ increased a6 SRl increased, while SCRUBREJ decreased. 
The considerable positive effect of high SRl on SLAGREJ is probably related to 
the already discussed enhancement of comlxlstion efficiency and process tempera- 
ture, which is expected to result in better 6olids melting and slagging. In a 
similar way, high l3XLRF.J is also associated with high SRl. As noted above, a 
substantial fraction of BGILREJ could be conceptually considered as part of 
SLAGREJ. Thus, it is reasonable that SRl should produce the same qualitative 
effect on both variables. In addition, it is pxsible that with improved com- 
bustor melting, the material carried out of the comtustor is partly melted and 
thus sticks easier to boiler surfaces than dry ash. The effect of increasing 
SRl on SCRUEIREJ is negative. This is expected due to mass balance conside- 
rations, i.e. if more solids are retained by the combustor/boiler at high SR1 
then less will be in the scrubber. These effect6 are shown in figure I. 

. 3.3.2. - 

Combustion swirl air pressure (SWIFiLPR) effects on SLAGREJ, BOILBEJ, and 
SCRVBREJ, as maximum percent variation in the calculated dependentvariable, 
were +7X, -17%, and -35%. respectively. The signs indicate that SLAGREJ in- 
creased, but BoILREJand SCRUEBEJ decreased, as SWIRLPR increased. Improved 
slag rejection at higher SWIRLPR is likely due to enhanced cyclonic action of 
the swirl air. Although the modeled strength of this effect on'SLAGREJ is rela- 
tively small, the large negative influence it has on BOILREJ and SCRIJBF&J can 
only be attributable to enhanced combustor slag retention at high swirl pres- 
sure. The relatively small strength of SWIRLRR in the SLAGREJ model may re- 
flect a non-linear threshold effect. In any case, the effect of SWIRLPR on 
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total combustor s,lag retention is believed to,be of more significance than 
indicated by the SLAGREJ modeling results. ., :' 

3.3.3. Fuel 

Fuel heat input (HEATIN) effects'on SLAGREJ, BCILREJ, and SCRUBREJ, as 
maximum percent variation in the calculated dependent variable, were +12%,:, 
+53%, and +48%, respectively. The, positive si&n~ indicate that all solid 
stream contents, as a percent of total.solids,,increased a6 fuel heat input 
increased. There appears to lqe a relatively small improvement in SLAGREJ:'as 
REATIN increases, conceptually in line with improved combustion intensity~and 
melting a6discussed previously. However, both EOILREJ and SCRUBREJ are also 
increased a6 the total fuel heat input goes up. Here owe have a contradiction 
since mass balance considerations require that the sign dependencies of ,the ,, 
dependent variable6 cannot all be the same. 

Even though combustion efficiency/process temperature increase a6 HEATIN, 
increases,~ and you might therefore expect better ash melting and slag rejec- 
tion, visual observation6 of the combustor exit nozzle have indicated that at 
hi.gherHEATIN a'significant portion of the combustion take6 place in the exit 
nozzle, particularly with.staged combustion. In this situation the flame is not 
entirely confined withinthe combustor proper. Thus experimental observations 
suggest that the rate of comhstor slag rejection increase6 at higher firing 
rates, but that slag retention, as percent of total solids input, .probebly has 
a negative dependence on HRATIN when pcTpc,is large, i.e. total solids loading 
to the combustor is high. This interpretation is at odds with the present sta- 
tistical result but,is justified tosome ,extent by the huge positive effects of 
HEATIN on BOILREJ and SCRUSF$J, and by the FCTFC effects discussed below. 

3.3.4. Percent 

The percent of fuel heat input due to.ckal (KX'FC) effects on SLAGREJ, 
ECILFCEJ, .and SCRUBREJ,~as maximum percent variation in the calculated dependent 
variable, were -12%, -48%, and +73%, respectively. The signs indicate that both 
SLAGFJLJ and E?OILR!IJ are reduced, &ile SCRGBREJis increased, as the percent of 
coal firing increased. This result is in line with the discussion in the 
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preceding section, where it wa6 generally concluded that higher solids loading 
lead to decreased SLAGREJ in spite of better comhstion efficiency and higher 
prccess temperatures. A6 FCI'FC increases, we have higher solids input, with 
the associated negative effect on SLAGRRJ. One. interestingdifference is that 
BOILREJ has a negative dependence on FCI'FC but had a positive dependence on 
HEATIN. This may be related to one of the experimentai results of the COE SBIR 
aah melting project, in which it was discovered that ash melting wa6 enhanced 
as the ratio of heat inmt to solid6 went up. Inany case, it is quite clear 
that hxease6 in coal firing, either in ab601ut.e term6 or a6 a percent of fuel 
&ut, dramatically increa6ed the acmbber ~olidsloading. The effects of 
PCEC on solid6 distribution are shown in figure J. 

It his impxlxnt to emphasize that the positive effect of increased FCFC 
on SCM- is due to increased scrubber solids loading BS ash, not as ~unlxrned 
coal. In section 3.1.4 it was determined that increaSed FCEC lead to improved 
comtrrstion efficiencies, having a +15% maximum spread influence on TSSCEFF, the 
combustion efficiency based on scrubber carbon. Thus, the positive effect of 
increased FCl'FC on scrubber solids cannot be due to poorer comtition efficien- 
cy and, hence, roxe unturned coal carryover to the ecrubber. Instead, it must' 
be due to more ash and other non-ccmhtibles carryover. 

, . 
3.3.5. p 

The following is the atmngtb order-i&of the effects of the independent 
variables on the various tulk solids distribution variables. 

SLAGREJ: SRl >> CHEATIN ? =I PCl'FC > SWIRLPR 

EGILREJ: HEATIN = or > FCl'FC = or > SRl >> SWIRIPR 

SCRUBREJ: PCI'FC > HEATIN > SWIRLPR >> SRl 

These effects are illustrated in figures K. L, and M. 

SLAGREJ a&earn to be positively influenced by variable6 (e.g. SR11 which 
enhance ash melting via improvements in combustion efficiency/process tempera- 
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ture, but is negatively influenced by variables (e.g. pc;Tpc) which increase. 
total mass or solids input. The ,impact oft variables (e.g. HEATIN) which have a', 
dual effect is unclear.. As solids input increases, the rate of slag rejection 
also increases but SLAGREJ, as a,percent of total solids, goes down while the 
amount of solids in both the~boiler and scrubber goes up. Part of this result 
is due to the narrow definition of ,SLAGIEJ imposed by the experimental method. 
In addition, solids not captured inthe comtu6tor tend to end up in the 6crub- 
ber rather than layout in the boilers a6 the total solid6 input increases. A6 
SWIRLPRincreases there is better SLAGREJ and less boiler~and scrubber solids. 
In general, these results, plus test ob6ervation6, support the view that the 
present combustor,volume is underutilized, or that the combustor is too short 
to adequately retain and reject slag at high mass/thermal input. 

Although not part of the statistical analysis; an -examination of factors 
leading to exit nozzle slag buildup is-relevant to this section. Exit. noszle ~, 
slagging can -r either ss an upset in operationor as a normal adjunct to 
operation at moderate to highfire. This latter phenomenon has already been 
mentioned in section3.3. Upset.exit noszle slag buildup/blcckage has two 
requirements: (l),poor slagging in the comb&or; and (2) a hot, exit nozzle. 
The former requirement is usually accompanied by poor combustion as ,evidenced 
by "char balls" in the rejected slag. Poor slagging/comtistion cccurs when the 
ash/slag is not tacky or sticky so that injected solids tend not to be trapped 
on the combustor wall but are carried out to the exit nozzle. Since the exit 
nozzle is almost always hotter than the comb-&or, due to heavier insulation 
and the,lack of active ccoling, slagging ccau-6 here with buildup and potential 
blockage, or with slag flow into the boiler. The presence of a hot exit nozzle 
was ,especially evident during consecutive day.firing with overnight heating. 

Conditions in the comtustq itself, which are not conducive to good slag- 
ging/combustion ten arise if (1) the comtugtor is too cold; (2) the flame 
tercRratu& is too low; or (3) the slag T-25O.i~ too high. The first case 
occurs when the combustor is cooled too much or if the switch-over from oil to 
coal is premature. The second condition can -r if SRl is too low (< 0.6) or 
too high (>1.5 a6 per test FA4 of the DOE SBIR project), in which cases there 
is poor heat release to the comb-&or due to incomplete combustion or excessive 
flame cooling, respectively. Thus the interplay of these three factors can 
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account for poor slagging/combustion aswell as exit nozsle~sl6g buildup. As 
noted above, there is almost alwaye,some noazle slagging at moderate to high 
fire owing to direct flam'impingement~ 

3.4. Refractory Liner Wear 

The combustor liner consisted of several metal oxide compounds. By 
focussing on the quantity of one~of these oxides whose concentration exceed& 
that in the slag it is possible to estimate liner material 1056. The oxide 
selected for this purpose was chrome oxide. The presence of chrome (XSCBRCN, 
as percent of slag sample weight) in the coal ash slag is an indication of 
liner loss. Models based on the four independent variables were constmcted. 
Evaluations of the effects of the individual independent variables on XSCHROM 
are presented below. Efforts were made to include variable6 relating to 
combustor sorbent injection rates in the models. However, they were excluded 
on the basis of high probability of zero coefficient. 

1 . 3.4.1. Combustor 

The effect of SR1 on XSCHRCIM, as maximum percent variation in the calcula- 
ted dependent variable, was -24%. This mean6 that as SRl increased there was 
less .liner degradation. From the preceding discussions, we shave determined 
that high SRl yields high heat release and process temperature, which are 
generally known to be unfavorable to refractory life (Reference A). However, 
SRl also affects the nature of the gaseous environment in term6 of oxidising 
vs. reducing conditions. Articles in the literature (e.g. Reference B) indicate 
that reducing atmospheres usually prorwte refractory corrosion by slags. Thus, 
it appear6 in the present case that the negative effects of~reducing atmosphere 
on refractory life outweigh the benefit6 of reduced gas temperature. Put 
another way, the positive effects of an oxidising atmosphere on refractory life 
at high SRl outweigh the negative effects of higher temperature. 

. 3.4.2. - 

Combustion swirl air pressure (SWIRLPR) effects on XSC'BFOl, as maximum 
percent variation in the calculated dependent variable, was -26%. The sign 
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indicates that XSCHRCM decreased as SWIFLPR increased. As in several of the 
above discussions, this effect may be attributed to increased liner/slag 
cooling at high SWIRIPR, which results in a kinetic rate reduction of 
slag/liner chemical interaction. 

3.4.3. Fuel 

The fuel heat input (HEATIN) effects on XSCHRCM, as maximum percent varia- 
tion in the calculated dependent variable, was +G%. The positive sign indi- 
cates that liner degradation, as measured by XSCRKM, increased significantly 
as HRATIN increased. This effect is likely due to increased proce.5~ tempera- 
ture at higher heat input, which accelerates the kinetics of slagcorrosion of 
the liner. 

. 
3.4.4. Eercent 

The percent of fuel heat &ut due to coal (FCTFC) effect on XSCRRCM, as 
maximum percent variation in the calculated dependent variable, was +08%. The 
sign indicates that XSCHRCH is greatly increased as the percent of coal firing 
is increased. was with HRATIN, increases inFCl'FClead to increased process 
temperature, with its aseociated negative effect on liner life. In addition, 
as Pcppc is raised, the amount of coal ash slag also increases, thereby provid- 
ing greater potential for corrosive interaction between the slag and the liner. 

3.4.5. Refractorv 

The following is the strength ordering of the effects of the independent 
variables on the liner degradation variable, XSCliRCW. 

XSCHRCPI: Pcrpc > HEATIN xSWIRLPR = or.) SRl 

These effects are illustrated in figure N. 

Degradation of the comtitor refractory liner, as indicated by chrome in 
the rejected slag, is primarily caused by the presence of coal ash slag. This 
may be caused by chemical corrosion which increases kinetically as process 
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temwrature increases Ul!IATIN effect): Although this coal ash effect is 
largely immune to effects of dash composition, analysis indicated that higher 
iron content slags somewhat accelerated the negative effect of coal ash on 
liner wear. Alternatively, the presence of basic .sorbent material had no 
discemable impact on liner loss. Increased SWIRLPR partially offsets slag 
corrosion by cooling the liner/slag surface. In addition, l&er wear appears 
to be mre severe under reducing vs. oxidizing conditions (SRl effect), in 
line uith the literature. 

3.5. IQx&lbx21 

One of the main goals of the Clean Coal project was to reduce the atmos- 
pheric emissions of oxides of nitrogen (NC',.) to 10tl ppm or less. The technique 
used to achieve this was staged combustion, ~with a fuel rich first stage tc 
convert fuel-bound-nitrogen (FBN) to nnlecular nit-en, followed by a fuel 
.lean second stage to complete fuel burnout, tut without generat- excessive 
thermal NOx. In the present project, the combustor itself was the first stage, 
while second stage or tertiary air was injected into the'boiler firebox sur- 
rounding the ~combistor~gas exit nozzle. The effect6 of this control strategy 
were determined by measuring NOx (ppmr, dry basis) at the boiler outlet. For 
comparison, the measured NOx levels were converted tc equivalent values at 3% 
oxygen or 15% excess air (NORMNOX). In addition, a small further reduction' in 
Nclx was obtained due to the action of the wet particulate scrubber. 'This ef- 
fect contributed an additional 5 to 10% reduction in ROx emitted to atmos- 
phere. As &v. dry basis, and normalizsd to 3% 02, the average measured 
value, standard deviation, plus high and low values for NOMNOX are: 355, 148, 
769, 81. It should be noted that the lowest value corresponds to oil-only 
firing and that the minimum with coal firing was 184 ppm. The minimum coal 
fired NO, level in the scrubbar stack was 160 pzm. Models based on the four 
independent variables were constructed. Evaluations of the effects of the 
individual independent variable6 on NOR&X)X are presented below. 

. 3.5‘. 1. Combufitor 

The effect of SRl on NORMNOX, as maximum percent variation in the calcu- 
lated dependent variable, was +48%. This means that as SRl increased the level 
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of NOx in the boiler outlet increased. This relationship has been demonstrated 
many times by various groups, and is due to increased oxidation of FBN to NO, 
at higher SRI. For high coal firing as mnzent of total heat ingut, namely 
FCl'FC > 70%. the degree of control of NOx at the boiler outlet, obtained by 
staged comkstion, is shown in figure 0. As can be seen, a minimum in NO, 

occur at SRl around 0.75. Globally, NGx levels have been reduced from an un- 
staged value of about 800 ppn to below ZOO plan, a reduction of more than 75%. 

. 3.5.2. Combustion 

Comtustion swirl air pressure (SWIRLPR) effects on NORMNOX, as maximum 
percent variation in the calculated dependent variable, was +21%. The sign 
indicates that NORKNOX increas4 as SWIRLPR increased. As SWIRLPR increases, we 
have seen that slag combustion efficiency and process temperature decrease 
while comtustor slag rejection increases. The former effect is due to higher 
liner/slag surface cooling, while the latter result is caused by hi&er cy- 
clonic action. With regard to NOx control via staging, it is important to 
release the EBN in the fuel rich first stage. &her-wise, FRN carried over to 
the fuel lean second stage will be easily converted to NO,. In the present 
instance, the twin effects of increasing SWIELPR on FBN release are at case- 

*z-poses. Decreased combustionefficiency and process temperature are expacted 
to result in lower FEiN release, while higher combustor solids retention isex- 
pectedto improve FSN release. Since the,overall effect, of increased SWIRLPR 
is to increase NOx emissions. the solids retention effect must be subordinate 
to the combustion efficiency and temperature effects, i.e. there is .less FBN re- 
lease in the combustor, resulting in more NO, formation in the second stage. 

3.5.3. Fuel 

The fuel heat input C-IEATIN) effect on NORPlNOX, as maximum percent 
variation in the calculated dependent variable, was -32%. The negative sign 
indicates thatNOI@lNOX decreasedas HEATIN increased. This effect is likely 
due to increased slag combustion efficiency and prccess temperature at higher 
heat input, which accelerated the release of FBN in the combustor. 
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. 
3.5.4. Percent 

The percent of fuel heat input due to coal (PCI'PC) effect on NORMNOX, as 
maximum percent variation in the calculated dependent variable, was +42%. The 
sign indicates that NORMNOX increased as the percent of'coal firing increased. 
As PCI'PC increases the total amount of FBN increases. It is generally agreed 
that fuel-NOx is highly dependent on the amount of fuel nitrogen or FEN present 
in the system. For the eight coals tested, fuel nitrogen averaged 1.27% by 
weight, with a range of 1.12 to 1.83%. This narrow range of FBN content was 
tested in models of NOFMNOX lxat had a relatively low tolerance of PCEC, which 
was a more important variable. 

The following is the strength ordering of the effects of the independent 
variables on measured NOx levels in the boiler outlet. 

NC)EMNOX: SRl > m > HEATIN > SWIRLPR 

These effects are illustrated in figure P. 

As SRland PCI'PC increase, NO% increases as expected. As REATIN in- 
creases, NGx decreases due to better FEiN release on the first stage, owing to 
higher combustion efficiency and prucess temperaturn. This results in lower' 

overall NOx with staged combustion. As SWIFLPR increases, NOx increases due to 
the liner/slag cooling effect quenching FBN release. 

3.6. Sulfur 

Iking combustion the coal sulfur was partitioned among four streams: 
sulfur retained and rejected with the slag (ACl'SLGS), sulfur deposited in the 
boiler (BOILSULF), sulfur found in the scrubber discharge (PCKECRB), in solu- 

tion and/or as part of the suspended solids, and sulfur emitted to atmosphere 
(ATMSVLF). In practice, K)ILELJLP was not measured directly but was determined 
by subtracting ACl'SLGS from the measured reduction in SO2 (as percent of total 
sulfur) .in the toiler outlet or SREDBJ. In a similar way Al'ilSuLF was taken 
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to be (100 - SREDFS), where SREDFS is the measured reductionin SC2 in the " 
scrubber fan stack. As percent of total sulfur, the average measured value, 
standard deviation, plus high and low values for each of the directly measured 
variables is: ACTSLGS: 1.90, 2.54, 11.15, 0.16; SREDK): 15, 17, 62, 0; 
FCTSSCRB:~ 25, 18, 100, 1;. SREDFS:'35, 12, 57, 9. It should bs noted that the 
SREDE0 maximum value of 82% was .obt.ainedwith boiler sorbent injection. Then 
maximum obtained with, comtustor sorbent injection was 52%. Models based 'on 
the four. indepsndsnt variables were constructed. Evaluations of the effects 
of the individual independent,variables on each of the four sulfur 
partitioning variables are presented below. 

3.6.1. Combustor 

For the four sulfur variables ACTSLGS, BCILSULF, FCTSSCRR(B, and ATMSULF, 
the effects of SRl, as maximum percent variation in the calculated dependent 
variable, were -87%, -951, -23%,'snd +2% respectively:. The signs indicate that 
overall system &fur retention decreased as SRl increased, while emission to '~ 
atmosphere increased. It is likely that these effects, taken as a whole, are '~ 
due to inc~ased sortent deadburning at high SRl, which has been shown to 
raise comtustor temrature. Cn an individual basis, however, the different 
degrees of dependency of the sulfur variables suggest that other changes,in 
oRrating conditions, due to variation in SRl, nust be at work. 

The slag sulfur content is the sulfur variable most susceptible to SRl 
variation, as shown in figureQ. This profound dependency suggests that at low 
SRl (around 0.6 to 0.7) local conditions of temperature and gas composition 
are optimized for in-situ sulfur capture by sorbent with subsequent rejection' 
in the .elag. This: aspect had been studied in detail by Coal Tech in previous 
work (Reference C) where it,was found that first stage stoichiometry wasa 
critical parameter in the Eulfur capture .pmceEE. For comparison, data 
obtained from Reference C are presented in figure R, showing a remarkable 
qualitative similarity tofigure Q. 

It should be noted that good. Slag SUlfUr retention/rejection is al50 asso- 

ciated with rapid slag rerofal from the combustor, in order to minimise slag 
desulfurization. As discussed insection 3.3,sgccd slag rejection depends most 
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significantly uxon hi& SRl. This result contrasts with the slag sulfur 
results, which show maxirm~~~ slag sulfur at low SRl. This implies that local 
cakustor thermal/chemical envi ronmentismoreimncHantthantulk slaqremo- 

val in achieving gocd 61512 eulfur retention. In any case. it i5 probably 
necessary to optimizeboth AClSLGS and SLAGFEJbymsntilation of operating 
parameters other than SRl and/or by incorporat&! combxkr des&n changes as 
discussed in section 4.2. 

FQure S* illustrates the relative effects of SRl on BOILXLF. PCPSSCIB. 
and AINSULF. Roth boiler and scrubber sulfur contents decrease as SRl increas- 
es. This is partly due to sorbent deadtumins, as noted above. In the case 
of FCKECRB. however, the reduction at higher SRl is undoubtedly coupled to 
the fact that total 6cXUbber solids ( ECRUEQW) aleo decrease as SRl increases, 
as discussed in section 3.3.1. In addition, it was shown in section 3:l.l 
that increasing SRl lead to improved oomkustion efficiency and, thus. less 
returned fuel. Since FCESCRB incmed as SRl decreased, it is fair to attri- 
bdepsrt of the increase in scrubber sulfurto the presence of some unbxned 
coal. More will be said on this in section 3.6.4. Finally, more sulfur is 
emitted to atmoephere as the sorbent becomes leas effective in capturing sulfur 
due to the deadbuming effect of hi& SRl. However, the correspondence is not 
proportionalsincethe scrubber can remove soms sulfurwithorwithoutsorbent. 

. * . 3.6.2. - 

Combxtion air swirl pressure (SWIRLPRI effects on ACTSLGS. BOILSULF. 
FCESCRB, and ATEXLF, as maxirmmpexxentvariation inthe calculated depen-, 
dent variable, were +76%, +5%. -l%,. and +8%, respectively. The zcmitive sign 
for ACXSLGS indicates that slag sulfur content greatly .increased as air swirl 
pDassure increased. The hi& positive effect of increasing SWIEUR on slag, 
sulfurcontentma~ be due to anumber of factors. First, it has been 6hOWn 

that high SWIRLFRleads to increasedliner/slag surface cooling. This couldbe 
important for slag sulfur retention by (a) helping to reduce sorbent deadturn- 
ing. and (bl minimising temperature dependent slag desulfurization. Secondly, 
it has also been shown that high swirl air pressure imzroves slag rejection. 
This would result in more of the sulfated sorbent being thrown to the wall and 
dEddd in th& 61643. The other eulfur variables show only a weak dependence 
(*)-Added information is contained in the Rroprietarv Report" 
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on SWIRLPR.: ,These effects are believed t&be indirect and coupled to the 
SWIRLPR effects oh combustior~efficiency and press temperature, with their 
attendant, impact on fuel sulfur release. and on L-ulk solids distribution. 

3.6.3. Fuel 

The fuelheatinput (REATIN) effects on ACI'SLGS. BoILSULF. FCESCRB. and. 
A'lMWLF, as maxian percent variation in the calculated dependent variable, 
were +41%. -ll%, +60%, and -29%. respectively. The signs indicate that ACTSIGS 
and FfEECFB increased when HEATIN increased, while B9ILSULF and AlWLJLF de: 
creased as HEATIN increased. The positive effect of higher fuel heat input on 
slag sulfur retention/rejedim~mau be due to enhauced combustion efficiency/- 
process temperature resulting in better coal sulfur release. Altematively~i 
thehigher comkmtion intensitymayprcmtenme vigorous mixing of the air/ 
fuel/sorbent. 'In addition, the rate of slag rejection (but prolxblv not . 
SLAGREJ as percent of total solids) also increases as HEATIN increases. thus' 
minimizing alag residencetime and desulfurization in the~ccmlmstm. 

iis HEATIN increases there iS a slight decrease in boiler sulfur. This may 
bs due to unfavorably high flame temperatures and/or more sorbent deadburning 
in the second stage, which generally turns mre intensely at hi&er~HEATIN. 
The significant ,increase in 6crubber sulfur with inCreaSing heat i.n&ut is no 
doubt largely related to .increased bulk solids in the scrubber as discussed 
PreViouslY. In addition, higher fuel rates may provide a higher and more 
favorable sulfur/sorkent reaction temperature in the boiler, downstream of the 
second stage flame zone, and in the boiler outlet. For ~example. the, boiler 
outlet stack temperature was found to increase most at higher fuel heat 
inLaats . Finally, as HEATIN increases.. there is a fair decrease in atmospheric 
SOZ.,~This drop is mainly due to improved scrubber 6ulfur retention at high 
HEATIN. The effects of HEATIN on slas. boiler, and scrubber sulfur retentions 
are shown in figure s-2*. 

3.6.4. Percent 

Thepercentcoal firing Wl'KX effects on ACISLGS. BOILSULF. FCESCRB, 
and ATMSULF; as maximum percent variation in the calculated dependent variable. 
(*)-Added infozmation is contained in the Ropriet, Remrt" 
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were +lOO, +lOO%, +61%. and -18%. respectively. The extremely lame positive 
effects of higher PCI'PC on slag, boiler, and scrubber sulfur contents are 
shown in fiKure T*. This situationarises since higher coal contributions to 
total heat input are expected to kinetically increase the sulfur/sorbent reac- 
tion rate by increasing the partial pressure of SOZ. It has beenvariously 
shown (e.g. Reference D) that the overall reaction rate of sorbsnt and SO2 is 
~~~~rtional to the concentrationof SOZ, usuallv expressed in atmospheres. In 
the present analysis, this effect is believed to be mainly important for im- 
proved slag and boiler sulfur retention. while the enhancement of, scrubber 
sulfur is mainly attributable to increased scrubber solids at high m. A 
possible corollary effect is that at higher Pcrpc there may be more condensa- 
tionof 502 vapors on particles going to the scrubber. As with fuel-nitrogen. 
efforts to explicitly include coal-sulfur content in the models were not suc- 
cessful owing to high correlation with KTPC. With increasing KZFC, there is 

a moderate decrease in atmospheric sulfur. as expected from an overall sulfur 
balsnce. 

It is important to note that the positive effects of increased PCIFC on 
slag and boiler sulfur retention are not due to lack of complete release of 
sulfur from the coal. That is, the sulfur measured inthe slag and boiler 
solids is chemically asstiiated with the presence of sorbent. and is not asso- 
ciated with the presence of unburned coal. With no co&-&or sorbent iniec- 
tion, slag and boiler solids sulfur contents are always below the level of 
detectability. 

Scrubber sulfur content may be slightly associated with the presence of 
unturned coal. With no sorbent it-+&ion and TSSCRFF > 95%, FCESCR6 averaged 
14% of total sulfur. Of this. the vast majority is due to the washing out'of 
SO9 (+ 0.5 Oz.+ Hz0 = H2S041. as indicated by the hi& dissolved sulfur con- 
tent, accounting for 94% of pcTSSCR6. and the low PH of 4. Thus, with about 
6% of PCKECRB in the scrubber solids, presumably as unburned coal. less than 
1% of the~totsl sulfur can be associated with untied coal under these condi- 
tions. In the relatively few cases where TSSCRFF < 95%. again with no so&ant, 
injection, PCl'SSCR6 averaged 26%, of which 77% is dissolved and 23% is in sus- 
pended solids. Thus for these cases of low TSXEFF. only about 6% of the total 
sulfur can be sssociated with unburned coal. This would be the worst case. 
(*)-Added infomstion is contained in the Proprietary Report" 
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With comb-&or sorbent injection. RXSCAB averaged 24% while TSSCRFF 
averaged 94%. Here, around 58% of FfCXiSCRB is dissolved uhile’42% is in the 
solids. Sssed on the above analysis ,uith no 6orknt injection. the bulk of the 
sulfur solidscannot bs coal since TSSCEET is relatively high. This is con- : 
firmed by chemical analysis of the scrubber solids, showing high sulfur con- 
tent only in the presence of sorbent calcium. In addition, the associated pH 
averages 9.5, showing the neutralisation effect of hydrolyzed sorbent on the 
originally acidic scrubber water. Nearly all of the dissolved sulfur is pre- 
sent as sulfate, with measured dissolved calcium and sulfate concentrations ,cor- 
responding' to the solubility limit of CaSC4. In this SikIatiOn. "eXCeSS" CaS0. 
would remain as a solid, since the ionic solubility product cannot be exceeded. 

3.8.5. F 

The effects of the celcium/sulfur mole ratio (QISRAT) on ACTSLGS, 
IDILSULF, FCTSSCRB, and A'INSULF, as ms~imum pzcent variation in the calcu- 
lated dependent variable, were t44, +27%, -22%, and -13%. respectively. As 
anticipated, both slag and boiler sulfur contents increased significantly as 
the Ca/S ratio increased due to enhancement of the sulfur/sorbent reaction rate 
via increased sorbant availability. Sincemore sulfuris retained inthe slag 
and boiler at higher CASRAT, the amounts retained in the scrubber and emitted 
to atmosphere correspondingly decreased. These effect6 of CASFUT are illu- 
strated in figure U* for. the slag, boiler, and 6crubber sulfur variables. 

The data show little or no dependence of the sulfur variables on combus- 
tar sorbenttyps. It is possible that calcium hydrate parformed slightly bet- 
ter than limestone but only msrginally so. In addition, injection of calcium 
acetate could not be fully~ evaluated due to feeding problem6 associated with 
combustion of the organic6 at the injection point, resulting in heavy a6h tuild- 
UP., 

Although there was limited data on boiler sorbent injection, it is clear 
that this technique wa6 most efficacious in reducing S02. At a Ca/S ratio of 
3, an 82% reduction in uxaasured stack SC2. using hydrate, was obtained.. With 
limestone injection at Cd/S > 3, the reduction in SC2 was less than 23%. Im- 
proved So2 reduction in the toileroutlet with hydrate vs. limestone was 
(*)-Added information is contained in the Proprietary Report" 
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probablyrelated to the lower calcination temperature of hydrate, which, in the' 
present application, gave rise tcmore internal surface exposure, ,i.e.'a higher 
porosity, for reaction with the SC2 than did the limestone. Resides sorbent 
type and Ca/S ratio, analysis of'the limited data' indicates that the tempera- 
ture in the boiler sorbent injection area is also critical. 

3.6.6. Sulfur 

~'The,following is the strength ordering of the,effects of the independent 
variables on the sulfur distribution variables. 

ACTSUS: FCI'FC ? SRl > SWIRLPR > CASRAT = or > HEATIN : 

BOILSULF:~ KTFC >> CASRAT > HRATIN > SRl > SWIRLRR 

FCTSSCRS: FCl'FC = or > RRATIN > SR1 = or > CASRAT >> SWIRLPR 

ATMSULF: HEATIN > FCPC > CASRAT > SWIRLPR > SRI 

These effects are illustrated in figures V, W, X, and Y. '~' 

Even though the global phenomena are complex and not yet fully under- 
stood, several conclusions are possible.. Slag sulfur retention and rejection 

'is clearly a delicate process;. having very narrow parametric windows in which 
tc bs optimized. Every independent variable in the ACTSLGS model exercised 
great influence. Aside from the obvious requirements of sufficient sorbsnt 
(CASRAT effect) and high sulfur concentration (FCTFC effect), maximum slag 
sulfur strongly depends on the local thermal/chemical environment as indicatsd 
by its' sharp dependence' on SRl,~ which is believed to have a major impact on 
sorbent deadburning as well as sorbent/sulfur reaction kineticsand'the stabili-, 
ty of the sulfated sorbentprcduct. Other variable enhancement factors seem to 
include minimum sorbent deadbuming'minimum slag ,desulfurization,~ and good 
~slag rejection (SWIRLFR effect); good coal- sulfur release and' good air/fuel/ 
sorbsnt mixing (HRATIN effect). 

Except for HEATIN, boiler-sulfur retention (BoILSULF)~is qualitatively ', 
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affected by the independent variables in much the same way as ACELGS. Since 
the boiler observable6 implicitly include the~exit nozzkand the surrounding 
boiler refractory face, it is not unreasonable to consider at least some yor- 
tion of this zone as an extension of'the combustor. Thus it is expected that 
parameters affecting comtustor slag sulfur rejection also affect BbILSDLF. The 
negative dependence of BOILSDLF on increasing HFATIN may be attributed to se- 
cond stage sorbentdeadburning. 

FCl'SSCRR appears to totally depend on the amount~of bulk solids reporting 
to the scrubber since its dependence on the four major independent variables 
practically mirrors the SCRUSF&J dependence. The negative dependence of 
F'CXKRB on increasing CASRAT~simply states that sulfur not retained in the 
comtustor/boiler, due to sorbent capture, will end up in the scrubber or go to 
atmosphere. ATMSULF essentially increases when operating conditions tend to 
deadburn the sorbent (high SRl) or tend to reduce FCTSSCEB (low HEATIN and/or 
PCEC), which is in turn couplsd to reduced SCRD'DREJ. 

It should be noted that post-test chemical analysis of boiler solids, 
obtained late in the phase III testing, yielded up to 30% of the total sulfur 
in the presence of CaO. Experimental evidence indicates that alrsost all ob- 
served reductions in boiler outlet So2 were due to carried over sorbsnt. What 
is unclear is whether the actual SO2 capture tooh place within the combtor, 
with the sulfated sorbent being carried out, or whether the sorbent was first 
carried out, then reacted with the sulfur in the second stage. The overall 
impression, however, is.that significant sulfur capturemay,be taking place in 
the comtustortutthatthereis in6ufficientreactive residence time to accom- 
plish fuel burnout/ash melting at the higher coal firing rates needed to maxi-. 
mize slag rejection. Consequently, mo6t of the reactive solids, at high fire, 
are blown out of the comlxlstor. with some settling in the boiler and some 
getting carried to the scrubber. 

4. STATISTICAL MODELINS SUMMARY 

The four major independent variables used independent variables ~mcdeling 
were discovered to produce one or more general effects on the overall:pEcess. 
These effects, for increasing values of the, variables, are as follows: 
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SRl: - better fuel combustion;bumout, heat release. 
- batterashmelting. 
- a IIKE oxidizing atmosphere. 
- higher flame temperature. 

SWIRLPR: - cooler liner/slag surface. 
- more CYClOniC action, better comtustor solids retention. 

REATIN: - higher air/fuel/so&ant mixing. combustion intensity, and 
heat release. .', 

- betterashmelting. 
- higher mass throughput, less comtistor gas and/or solids 

residence time. 

FCTFC: - more ash/slag system loading. 
- more coal wall burning,, different combustor heat release 

pattern. 
- increased sulfur and fuel-nitrogen to the system. 

Based on maximum effect one the modelsd dependent variables, FCIE was 
found to have the greatest impact on operation, followed closely by SRl and 
HEATIN. SWIFUPR proved to have the least global influence although its 
contribution to slag sulfur retention was very high. For models containing 
CASRAT. its influence was about midway between'SR1 (or HEATIN) and SWIRLPR. 
This relatively modest effect of C&5 rrqle ratio may be due to some type of 
threshold effect and/or :the fact that the scrubber can remove some sulfur even 
with no sorbent. 

In the preceding sections, we have discussed how operating parameters have 
impacted the individual dependent variables. In actual operation, however, the 
picture is more complex since efforts to optimise one dependent variable, by 
manipulating one or more independent variables. invariably lead to performance 
changes in other areas of operation. In the remainder of this section, the ef- 
fects of varying individual parameters will be assessed in terms of group im- ~ 
pact on important p-66 observables. This information is useful for two 
reasons: (1) it allows model simulation of condition combinations which may not 
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have been actually run; and (2) it provides,gUdance in evaluatingcombustor 
operating or design modification6 'needed to u=rade performance. In regard to 
statistical modeling, it should be emphasised that predicted ITSLIltS are gene- 
rally valid provided that the input values of the independent variables are 
within the normal range of those in the database. In other words, statistical 
models are good for interpolating but poor for extrapolating 

. . . 

‘4.1. m e 

The average global impact of varying SRl over its normal range of values 
is illustrated in figure Z. In the figure, the total effect of SR1 is broken 
down on a Percent basis. Thus, any change in first stage stoichiometru will 
affect slag sulfur content the most and atmospheric SC2 the least. The 6i&, 
as has ,been the convention, indicate whether the variable will increase (t) or 
decrease (-1 as the independent variable increases. 

From figure 2, it can be seen that efforts to improve slag sulfur reten- 
tion by lowering SRl will also result in a fairly strong decrease in NCx, which 
is desirable, and a fairly strong decrease in slag rejection, which is not de- 
sirable. Other effects include a moderate decrease in combustion efficiency 
and 'process temperature, a moderato increase in liner loss, and a small de- 
crease in atmospheric So2 'emissions. Thus, fine-tuning the operation based on 
stoichiometry would involve significant trade-offs. 

Following the same convention as with SRl, the average impact of varying 
SWIFLPR is shown in figure A-1. From the figure it is evident that slag 
sulfur content is the variable most affected by changes in SWIRPR, with 
sulfur content increasing with increasing SWIFLPR. In addition, as SWIRLPR 
increases, we have a moderate improvement in liner life as well as a modest 
increase in NOx. The'other de&ndent.variables are only weakly affected. 

With changes in RFATIN, the various dependent variable6 are all moderately 
affected as shown in figure S-1. However, except for liner wear, all depen- '~ 
dent variable6 are nudged .into more favcrable values as HEATIN is raised. 

Increasing FCI'FC (Figure C-l) markedly improves slag sulfur content but 
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also has a significant negative effect on liner life, while NCk is also 
moderately increased. The remaining variables are only weakly affected. 

Raising the Ca/S mole ratio positively influences slag and boiler sulfur 
retention more than it negatively influences 6cmbber sulfur retention and 
atmxpheric sulfur emissions, as can be seen in fiaure D-1. If the presence of 
sorbent was the only or, at least, the major factor in sulfur capture, one 
might expect nearly equal positive and negative effects on the sulfur distritu- 
tion. Part of this imbalance is likely due to the sorbent deadburning effect 
which impacts slag and boiler capture the most. As noted, the SCNbbercan 

retain sulfur even without so&ant. The fact that atmospheric SC2 emissions 
are little affected by cc&u&or CASPAT indicates that overall conditions have 
not been optimised, principally in the area of:sorbent deadburning. 

4.2. Ootimized 

Key process variables were model simulatedto provide optimized values 
based on varying the independent variables. Since the dependent variables 
often exhibit different sign dependencies,on the independent variables, appro- 
priate independent variable values were chosen to individually optimize each 
dependent variable. SRl was therefore chosen to be 0.6 or 1.3, HEATIN was 6 or 
20 (IMEtu/hr), and SWIRQR was 10 or 40 (" WC). In order to avoid trivial 
cases, ,K!I'PC was held at 100 (Xl' while CASPAT was always 3. It should ,be noted 
that optimised values of some variables (e.g. NCBMNOX) are a mind, while.for 
other variables (e.g. TZECEFF') they are a maximum. The results are presented 
in Table A. 

:’ 
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Table A. Model Simulation for ,Individually Optimised Process Observable6 

__--___________---__- ()pt~i~& Variables (a) ___-______-___-__- 

ACISLGS K)lLSULF FCTSSCRB ATMSULF SLAGREJ NOP&lNOX XSCHRM TSXXFF 

ACTSIGS 6.5 
BoILSuL4F 22 
msscT(B 47 

ATNStJLF 48 
SLAGFW 27 

NOFHNOX 258 

XSCHRUM 1.5 

TSSZFF 107 

5.6 4.2 

24 21 

19 ,48 

74 43 

21 24 

409 ~166. 

0.8 1.7 

49 116 

4.2 4.0 4.2 3.1 1.7 

21 21 21 23~ 20 

48 40 48 12 41 

43 49 43 ,75 ,44 

24 50 24 44 47 

168 .467 168 620 379 

1.7 1;2 1.7 0.6 1.5 

116, 133 116 75 ,~ 142 

----------------------------------------------------------------------- 

__--_____-_-____---__ optimum (&nditions --______--_____--____ 

SRl 0.6 0.6 0.6 0.6 1.3 0.6 1.3 ~I.3 

SWIRLPR 40, 40 16, 10 ,40 16 40 -10 : 

HEXTIN 20 6 20 20 : 20 20, 6 20 ', 
---___-----__---_-_---------------------------------------------------- 

(a) Cptimized variables are in the horizontal row. Cptimizedvalues for each 
variable are found along the diagonal. The colunr~ contain the values of the 
other variables when the ,row variable is optimised.~ The optimum conditions for 
the row variables are at the bottom. FCl'PC = 100 and CASRAT 2: 3 in all cases. 

As can be seen from table A, EQILSULF is essentially unaffected by vary- 
ins operating conditions when PCl'PC q 100 and CASRAT = 3. The only variable 
optimized at low fire (HEATIN = 6 M5TU/hr) is X.S&RtM, which islittle af- 
fected by changes in SRl and SWIRLPR. However, in this case, low fire results 
in 75% of the total sulfur being emitted to atmosphere, NCx at 620 ppm, and 
combustion efficiency = 75%. Clearly, low heat input has a tremendously ad- 
verse impact on combustion and environmental control, which is hardly offset by 
the corresponding increase in liner life. This is an impxtant result since' 
operating the comkstor at a maximum firing rate is desirable from a process 
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efficiency snd economic point of view. ,Ordinarily, this situation would 
dictate frequent liner replacement, with resultant high cost due not only to 
labor and materials for repair but also due to down time. However, toward the 
end of the Fhase III testing, an operating technique was developed to reple- 
nish the combustor walls. This technique rewires careful monitoring of, ~ 
process temperature as well a6 timely application in order to be.effwtive. 
Thus, the adverse effects of high firing rate on liner life can be neutralized 
without derating the combustor. Development of this technique was a major 
accomplishment of the present project. 

Although the above technique was developed under manual combustor opera- 
tion, it is believed that its full potential can only be achieved with computer 
process control. In addition, economic factors related to the degree of re- 
quired operator supervision in a commercial application, dictate automatic con- 
trol of this strategy. 

At high firing rate, the overall combustion efficiency, as given by 
TSXEFF, is little affected by changes in SWIFUPR. At low SRl, efficiency is 
somewhat lower, but still predicted to be generally acceptable, even if pre- 
dicted efficiencies greater t&n 100% aretaken with a grain of salt. In any 

case, satisfactory combustion.efficiency can-no doubt be attained by the imple- 
mentation of standard ,techniques such as external airpreheat and/or modified 
tertiary air injection geometry, if necessary. The implementation of this 
kind of technology should not be considered novel or developmental, but is more 
of the ."off-the-shelf" variety. Slag combustion efficiency (not shown) close- 
ly follows overall efficiency in terms of magnitude and degree of independent 
variable dependence. 

At high firing rate, k&h NOx reduction snd slag sulfur content are opti- 
mized at low SRI while slag rejection is decreased from the excess,air value. 
In addition, NCx levels are significantly decreased at low air swirl pressure, 
but slag sulfur content is reduced. Slag rejection is little affected by 
changes in SWIRLPR. These results indicate that the above three variables 
cannot be simultaneously optimized in the present system by manipulation of 
operating parameters alone. Instead, some compromise or trade-off would be 
requirsd, all other factors remaining the same. 
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Also at high firing rate, the scrubber sulfur retention (FCTSSCRB) and e, 
the sulfur emitted to atmosphere (ATMSULF) are little influenced by SRl and 
SWIRLPR. The latter result is'impzHant since it basically says that atmos- 
pheric 502 emissions cannot be reduced below about 43% of total sulfur with. 
combustorsorbent injection, using the present combustor operational and design 
configuration. The fact that boilersorbent injection resulted in atmospheric 
SC2 of less than 18% of total sulfur clearly shows that thermal/chemical re- 
gimes of hi& sulfur capture potential do exist in the current system configu- 
ration, but were not achieved by combustor sorbent injection. This is seen In 
table A where even the optimised value of ACTSLGS is disappointingly low. 

Regarding overall system sulfur retention, the upshot seems to be that 
sulfur capture and re&ctiori in the cbmbustor have not been optimised due tc~' 
underutilization of the comtxlstor volum&, i:e. the air/fuel/sorbent mix& ~ 
zone is too extensive (with the injection configuration used in the Clean Coal 
tests), or the combustor is in fact too short to allow complete reaction to 
occur, including fuel burnout, sorbent sulfur capture, and ash melting, within 
the comtustor proper. With the first stage reactions~continuing in the 6xit 
nozzle and/or near the boiler front~~wall;esp6cially with staged operation, it 
is not surprising that relatively little sulfur is captured and 'rejected with 
the slag, and that the amount of rejected slag is reduced. It is also not 
surprising that carried over sorbent/sulfur reactions'in the boiler do not 
approach the efficiency of direct boiler 'sorbent injection sinc6 the sulfur 
capture reaction6 areeither thermodynamically reversed, or the sorbent dead- 
burned, a6 the first stage~'ga&s encounter the hot 6econd stage flame front. 

4.3. Impa!ct on - 

Consideration of the'above mcdeling results, as well a6 other exp6riment.61 
observations, yielded several conclusions and/or hypotheses applicable to opera-. 
tion and design of'a commercial coal fired, 'air cooled combustor. Cne clear re- 
sult was that bestoverall combustor performance was obtained at high fuel heat 
inmt . This is important from an oFerationa1 and economic point of view. Rxtra- 
polation from the database, setting RRATIN.tc 30 MlBtu/hr, predicts improvement 
in all keyprocess variable6 exc6pt XSCHRCM and EDILSCLR. The maximum heat in- 
pit during the tests was around 20 MMRtu/hr, even though the comtustor "6s 
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designed for 30 HMRtu/br and the boiler was ~thermally rated at around 23 
MMBtu/hr. This was due to facility limits on,water availability for the boiler 
and for cooling the combustor. In fact, even 20 MMRtu/hr was borderline, so 
that most of the testing was conducted at lower rates. 

Attempts to optimize process variables via independent parameter changes 
showed that there were two difficulties in this approach. The first was that 
changes in operating parameters to enhance one depandent variable often re- 
sulted in degradation of other process variables. For example, both NOx reducY 
tion (NORMNOX) and slag sulfur content (ACTSLGS) were optimized at: low SRl ., 
while slag rejection (SLAGREJ) was decreasad from the excess air value. In 
addition, NOx levels were significantly decreased at low air swirl pressure, 
but slag sulfur content was reduced. These results indicate that these vari- 
ables cannot be simultaneously optimieed in the present system by mani&ation 
of operating parameters alone. This situation is largely inherent to the pro- 
cess physics and chemistry and cannot be disregarded. Here, one must either 
compromise and choose operating conditions which involve a trade-off in perfor- 
mance among the affected variables, or introduce changes in operating technique 
and/or combustor design which will offset the negative effects ,of certain ope- 
rating conditions for one or more prccess,variables. 

The latter approach had been successfully implemented for X,SCHKU where 
liner life, at operating conditions associated with good overall performance 
but higher liner wear, was extended by wall replenishment: In a similar way, 
the addition of external air preheat was suggested to upgrade combustion effi- 
ciency, if necessary, at low SRI. It is possible that high air preheat at low 
SR1 may also be helpful in improving the combustion efficiency/process-tempera- 
ture needs associated with good slag rejection, while at the same time retain- 
ing the stoichiometry/chemistry needed for good NOx and SO2 control. Here, 
the key parameter for slag sulfur retention and No, control, SRl, could be 
maintained while the combustion intensity necessary for good fuel utilization, 
heat release, and ash melting would be improved. Implementation of this exter- 
nal air preheat modification would require an auxiliary air preheater. electri- 
cal or gas fired, plus new piping including insulation. 

of perhaps more i.mpcrtance is the second difficulty, namely that the per- 
A-II-32 



fomlce level of.certain process variableE could not be brought to acceptable 
levels for any practical combination of operating parameters. Evenunder,opti- 
mum conditions; the best values for ACI'SLGS. ATMSCLF, and SLAGFW are consider- 
ably less than desired. It is observed in table A that predicted SLAGREJ does I'. 

not exceed 5C% even under optimized conditions. Part of this result is due to 
the narrow operational definition of SLAGRE.J as discussed previously. It 
should te noted that the values in table A are from the statistical n&el,and 
that during actual comtuF;tor operation the measured values sometkas surpassed 
these in performance. However, these -high water" marks were not typical and 
were probably'due to a corlbination of operating conditions, likely including 
unobserved transitory or non-steady-state phenomena, which were not routinely ' 
accessible, and therefore were not easily repeatable. 

This second difficulty then suggests that optimization of the affected 
process variables is limited by some sort of barrier inherent ,SO the present-: 
combztor operating tectmique.and/or design. This in turn suggests that. in-' 
provement can only ba obtained by radically alteringoperating conditions. As 
already mentioned in the preceding sections, experimental evidence strongly 
suggests that the combJ.etor volume is underutilized, i.e. the air/fuel/sorbent 

mixing zone is too extensive, or the comtustor is in fact too short, to allow 
complete reaction to occur, including fuel turnout. sorbent sulfur capture, and 
ashtaelting. Thus corrective operation or design modifications would include 
changes in the air/fuel/sorbent mixing via injection modification, or by making 
the comtnJstor longer, i.e. increasing the length to diameter (L/D) ratio. 
With the present injection geometry, a nudest length increase would probably 
result in subst&ntial improvement. Alternatively, mcdified air/fuel/so&ant 
injection geometrycould have a positive effect if it reduces the.size of the 
mixing zone. In fact, injection modifications have recently been implemented 
under anotherpmject and have yielded significant improvement in SLAGREJ. 
Additional testing of this new injection gecmktry for kprovirig slag rejection, 
and slagsulfur retention with coal firing would be extremely useful since UP, 
till now both parametem could not be shltaneously optimised. 

One of the chief goals of the Clean Coal project was to capture the coal 
sulfur in the cdmkstor and reject it with the slag. Although this concept was 
clearly validated, the'quantitative levels of slag sulfur content were general- 
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ly low. Part of the problem was that two key process requirements, low SRl 
operation for maximum corn&&or sulfur capture, and high slag rejection, could 
not be ~~imultanea~sl~ optimized in the present unit. Regardin atmospheric SO2 
emissions, if comixastor sulfur capture and rejection with the slag car-mot be 
raised to accepable levels by cc&x&x operation or design changes, then di- 
rect boiler sortent injection would be the preferred sulfur control technique. 

In this situation, ccmbustor sorbant injection would mainly be for slag viscosi- 
ty control, and only secondarily for sulfur capture. Another possibility is 
multi-point sorbent injection., 

In conclusion, it is to be mephasized that the above discussion is tied 
on,an analysis that is suitable for interpolation, but not for extrapolation of 
the combustor data base. With the operating experience and continuous improve- 
ments made,in the combustor operation in the past three years, the operating 
data base is being extended outside the regime considered in the above analy- 
sis. Therefore, the conclusions presented here, especially in areas such as 
sulfur capture and and slag retention will most probably be modified as a 
result of continued operation under the more accurate computer control now 
installed in the comb&ta- and improved solids injection and improved slag 
removal from the cc&u&or. 
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Since the 30 MMBtu/hr combustor~s fabrication in 1985, Coal Tech has taken 
a series of photographs at varying intervals to chart the progress of the 
various steps in its developrent. These photographs fccussed on what appeared 
to te an important issue at that time. For that reason, a relatively large 
fraction of the photographs focus on problems that were encountered at the time 
the photographs were taken. In addition, to protect Coal Tech's proprietary 
position the photographs included in this portfolio do not include detailed 
design features~. Nevertheless, there is sufficient detail to enable the 
viewer to visually the prcaess and problems experienced. As there was no 
prearranged plan to record the entire progress of the project, there are gaps 
in the photographic record. As much as possible these gaps are filled in the 
written record of the project that is contained in this report. 

The photographs were divided according to the topics contained in the 

Table of Contents of this Appendix. These topics generally reflect the most 
significant,problems and accomplishments encountered in the project. The 
photographs only contain brief captions. For further details, the reader is 
referred to the chronological record. of the project in Appendix I and the body 

of the Final Report. 
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Figure A-111-5: The combstar installed cl? the biier, with the front section. 
remved. The air FlenUm Ck1ct.s are iri the foregrc:x>d. Ele refracton liner iS 
inatalied in the combdstor, as is the exit n czzle refractory is in the 
background. Novemkr 1986. 

Figure A-111-6: The combustor installed on the biler with the primary and 
secondary air pipes connected, and the front section whkh contains the turners 
and primary and secondary air inlets, and ,fuel inlets. Winter 1986-7. 
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Figure b-iII-5: The primary and secondary air f~ls installed cutside the 
biierhouse. &IS to ilDis,z rmhlems with the eecondary air fax a sound 
insulated shack had tc' b? inst,alied arwnd the f,ans to aliw comtustur 
operation. It x-as necessary to re?xiild the f,ul in 1935. The XlOC1 gallon coal- 
water siurry tank is sh,XGi i. the backgmun~i~ +iiAer 19X;'?. 



F&a-e A-:11-8: The -vi‘-, Li. b le :,e.~ ~omlzlu.stor instaila~i.ior. shor,-ii-~ the + ton coal bin i '4 
alongside t"ie irnilerh.oa~- ,~lr: t.he r&&t, ad the stead? a~cne'cer srtactied t,o the 
right side stack which x ~rxx~ectred T.CJ th* r? ,.,I i -i + .Y>f< ye? ';_il*r. 1937 

3. Coal ,= s i , 7’es;:, 

Figure A-111-10: The first test in test in Pha.s& 2 of th& Clean Coal project 
was performed with a c,zl-wate:r slurry. The figure shows t,he XMI gallon tank 
used to store the slurry. Ncvember 1987 
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4. & Air Coola,< Ccmlxst~or w 

Figure A-iII-12: The irner refractory wall of tk ail 
The slag ta? block is shouts in the bottom hacligraun3 
nozzle baer wall in the backgrLwd. Photo tallen ia 
comlxstor~s irkallation. 
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7 c*31& comkuctor liner. 
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'Novem'ber 1966 during the 
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Figure A-III-14: Photo ;f the m t&ken from the Zo,,;;stream end, showtig 
slsg tap in the fore,prou:d. and the iniet section i.3 the tdiiround. Note the 
smooth slag covered 1Lner fall. 'T&en in November 1968. The second liner had 
teen installed in Mx-ck 18%. 



Fia1i-r B-111-16: FrAOtc of i.:.: :- ,,?a t&c-: ir~m Ch& d2%nStream end, ShOWbIg 
part, of the kottm ,ancl side ~3 t-he liner with the slag tap just, visible in the 
foreground, ami tne :r.kt. se:?tim in the L~ckground. Note the smootkl slag 
covered Ilr~er vail. i"ii< ;;qir !lo;-le I<- a.:1 is i11 the fxegrand. The photo WILE 
t&en h Nov&yr 19fif st the a,me rime as fa:re A-III-14. i 'he sccand liner 
k-ad &*,I jJ1sl;allG.d ti. M.w& :i:3;, 

c’ 
‘I i 

* 
,.‘) ” 

,( f&z&$y 
_-.--- - 



Tigllre 
nozzle 
smoot:l 

Figure A-111-18. Very near close-us'nf the 2nd iiner wall. In this case a 
slisht ripple structure is visible on the wall. The se&ix1 til the lover lest 
is par t of the exit nozzle wall. Taken November 1963. 
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Figure A-III-19: Photo of section of 1st conhwtor lixi!: iiiit. ~2s i,3maged in 
test of late February 1%38. The refractory from tk air r: ~~~‘4 panels have 
been removed and pitted metal sections of the wall are ;-iti,.;?e. The metal wal 
was repaired and reU-4 v~-..i: f,:!i 33 -tfra~.:tr~ry iwr- wi‘hml: r..:;laciw the 

Figure P.-j “j,-2t.j:’ :m :,c> of 21-d ,c..m hxtor liner and front injwCon sectim aft& 
a txst : , whicka hi&i 1ev.S oc‘ Fisk azh v\fi injected This .; .:st, i.73 not pxrt 
of the Cikan Coal project. It, is ~~,c-luded t,c sioi.~ ;iiat, the ~~on:~&t,c>r cm 
opera me with t,k:ick Ssevf:r.G kche~! ash;islag matinEs. This can eifher nE1t.e 
by subswlent, firtiT c,r it em:: 1 F iSi -:i relmved mm .>11:y Bats. approaches 
were Use‘ ?a the grc: .iect The ritlj te portion in the forem-cund is the exit 
nozzle rmll. Fit:>. 'er,,?:; ': ~Jp,y 
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-- .re A-111-27: m2tc 3’ .~. - --tit nozzle t,,&en fr,gn ?:y-j.iy: fi:;!~*~,,at,iin g>r. at 
of t.hie toiler with 9~ ~cm:xxtor at, Et&+{ &ET2 qeratim. Fehman- 
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ml1 dici nc$ ~XrAain slag ?xLLI. -4 --t,at. material. lks phct3 48s taken after 
refra;t<A,qf &as ?>?erl p21 :-1iy re"":\,* t:, asset The dm?ge. tlu::? iC~?b. 



Fi.qwre A-111-30: F'ii&> it? fi;r?r 02 * biler fcJ-nace taken inside tk 'miier i&:- 
im tsward th? frod refractory iwiier wall. Eote a& dapxits 32 finOr as 
well as smali ~1:% pieces. Tnese d.ew-c!Eits were fwmecl after z war coal combus- 
tix tests; Time bricks near the'frc)rA ~11 were alace to prc,tsGt, ~Cie furnze 
flocr. ,Jurlz, 13%. W&s bl&< coai iv,: ,si: +~.~ 8~. i t:' y!: +k %j&y Ix!x~. 



Figure &II;-32: F'hc~tc cf rs.ar ‘miier floor a:6 i,>ver coiled tuba ta&n at the 
same ttile as figure A-iii-32 Note ths high a~i~~/ciiar de=sits in ri&t rear 
cm-ner cf !x,iler. J:, E?&Y. 
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Figure A-11X-34: E'x%~ of rsar koiler fleer and lower boiier tykes, Note that 
the refractory tik fLxr is visible slid the near absence sf ad dewsits in 
rear corners of the boiler i-, thle 3.n with ven gccxl zcrnkstion til camtudor. 
L&e 1988. 



Figure A-III-X: F‘r;otc zlf OII.C ual, 1 tin she fxxace section of the ‘cloiler ,shnr& 
the ash deposits 9i: th- vail, as well aa sever& small sections whhert: tn.z ash 
hzd been busied off. lbS9. 
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F&we. .AyIII-38: Slag grm.&s tdrg t,mKpxtec 1 by- ;rie ,_ .r.veyc~ fr:x, the 
hottom. of f,hE: slag IA!;.+ +,<I a collectim ~s.r-&. 1339. 



Figurn A-111-40: Large 51%~ eactions maxxaily clearwi from ~!.zg tap after the 
slag tzp$ blockei,. Febmary 1359. 

R~pr0duc.d tram 
[ best a”all*bl* copy. 
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Figure A-111-42: View af the bottom of the slag tap u:d slag tank, showing a 
piece of hot 61% droppin,fr,.m the tap into the tank. Jecemker 19%. 
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Figure A-111-44: Phctc of sia.g top cor'?letely blocked by frozen slag. The 
is from the bottom of the t,ap. Rev&n- of the tap required chiseliinz oj 
slag, Prior to introduction of the mechanical breaker 61% in June 1939, t 
blockage was the most frequent reason for test termination. After that. VE 
few tests were terminated due i.c Lap block=,!-. ll.UlE IS&+, 

view 
i the 
Lap 
??3 
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L &we A 
6 ~cdker 
5 ilsncer 

-111-46: :k?rubkr fan with its stack, a6 we?1 hs c01me3ti~ ciuct irom 
vesE-+i t "f3;: inEtalled'on roof 6, 
is c.1.t j,cs.rer right,. Sutinmr 1357, 

s bilerhy. .The sxz2 ',.low-off 



~igi.~~- ,&III-L! Ma~~,aily ;:.rat,ed contx~l pm i why % :XE .s*~ i for the entire 
Cle.an Coal pm 3ct. 
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SM APPENDIX IV: ANALYSIS OF SLAG PRODUCED 

BY THE COAL TECH COMBUSTOR, AS PER 
PA DER MODULE 1 PROCEDURE 

CERTIFICATE OF ANALYSIS 

CLIENT: COAL TECH CORP. 
P. 0. BOX 154 
MERION, PA. 19066-0154 

SAWLE TYPE: SOLID WASTE 

SAMPLED BY: CLIENT 

SAMPLE IDENTIFICATION: COMBINED SAMPLE 

DER MODULE ONE ANALYSIS: 

1. Total Analysis of Solid 
Total Residue 
Vo1atil.e Residue 
PH 
Cyanide 
Oil & Grease 

Total Metals 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Copper 
Molybdenum 
Zinc 
Total Halogens 
Total Sulfur 
Heating Value 
Corrosivity 

% 
% 2.31 

w/K9 < 0.01 
w/Kg <52 

mg/Kg 
w/Kg 
w/Kg 
mg/Kg 
mg/Kg 
w/Kg 
w/Kg 
w/Kg 
WKg 
w/Kg 
w/Kg 
w/Kg . 
mg/Kg 
w/Kg 

YC" 

DATE REPORTED: 8/19/88 

REPORT NO: 8818610 

DATE SAWLED: 

DATE RECEIVED: 8/Z/88 

PURCHASE NO.: DOE-CC-78 

ORDER NO.: 

DRY BASIS 

66.7 
218 
< 2.27 

3660 
t15.2 
< 0.26 

22.0 
4.56 

< 4.56 
12.2 

<37.9 
15.9 
62 
83 

AS RECEIVED BASIS 

96.8 
2.23 

10.0 
< 0.01 
< 50 

64.6 
211 

< 2.20. 
3540 
< 14.7 
C 0.25 

21.3 
4.41 

< 4.41 
11.8 

< 36.7 
15.4 

El 
< 50 

lQ.O 

The pH was determined on a mixture of 150 Grams of sample with 3 Liters of Reagent 
Water. 

Metals Method SW-846 

Form No. LI18 Rbv. 1187 A-IV-1 



PAGE 2 

Leaching Tests: 

PH mg/L 5.0 
Oil & Grease mg/L <4 
Pqunonia Nitrogen mgjL 0.17 
Phenolics ug/L < 1 
Cyanide mg/L < .o.p1 

Total Metals , 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Wmium, Hexavalent 

Mercury 
Nfckel 
Se;ey;um 

Copper 
Mo;{bdenum 

Total Organic Halides. 
Chemical Oxygen Deman'd 
Total Organic Carbon 
Total,VoIatile Resfdue 

j550 oc) 
Total Residue (105 OC) 

w/L 
mg/L 
mg/L 
w/L 
w/L 
m/L 
4/L 
wf L‘ 
w/L 
mg/L 
WL 
w/L 
w/L 
mgJL 

w/L 

2;: 

mg/L 
w/L 

<.Q.5 

: .F 
< a:03 
< 0.1 
: ;$l 

. 

< D.D6 

: ~Ji:g .a:oa 
:4: 
141.2 

192 
1730 

Respectfully submttted, 

h-@/L 
J. S. MAURER - GROUP LEADER 
LABORATORY SERVPCES 

cc: Dr. Zauderer 

A-IV-2 
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CERTIFICATE OF ANALYSIS 

CLIENT: COAL TECH CORPORATION 
P 0 BOX 154 
MERIDN PA 19066-0154 

$wLE TYPE: SOLID WASTE 

SAM'LED BY: CLIENT 

DATE REPORTED: 12/07/88 

REPORT NO: 8818610 

DATE SAMPLED: 

DATE RECEIVED: 8/02/88 

PURCHASE ND.: DOE-CC-70 

SAFP'LE IDENTIFICATION: COMBINED SAMPLE ORDER NO.: 
-_-__-_-___-___-__________ 

This report is an Addendum to our previous report issued August 19, 1988. 

At the request of Dr. Zauderer the,sample was extracted with Hexane by 
sonlcatlon according to EPA SW-846 Method 3550, and the extract was sub- 
sequently analyred for Total Organic Halides using EPA Method 9020. The 
sample was found to contain Less Than 1 mg/Kg TOX. 

Respectfully submitted. 

JAMk S. MAURER - GROUP LEADER 
LABORATORY SERVICES 

cc: Dr. Zauderer 

Form NO. I.,,. Rev. 1107 A-IV-3 
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The following tables provide the Higher Heatina Value. Proximate. Ulti- 
mate, and ash chemical analysis of all the test coals used in this project. In 
addition, a sieve analysis is presented for several of the coals. This size 
distribution was used throushout the test effort. The test coals can be come- 
leted with the chronological test effort described in Appendix I by notins that 
the date of the snalysis, as given in each table, corresponds to the dates at 
which a specific coal was used in the test effort, which is described in Appen- 
dix I. As the coals was delivered to the off-site mlverization company in 20 
ton trucks, each coal delivery was used for several tests mns until the supplv 
was exhausted. In one case, test PC25 Febzuary 1990, due to a mix-up, the 
supplier pulverised delivered 3.26% sulfur coal for part of the test and 1.06% 
sulfur coal for the balance of the test. This error was uncqvered during the 
data analysis. and the results have been corrected for the proper coal. All 
the coals were PA bituminous coals, that were supplied by the PA Power & Light 
Company's coal suppliers. This was PP&L's cost share to the present project. 
The HHV was in the lZ,OOO-13,000 BTU/lb range, the ash content was in the 10% 
range, the volatile matter was in the 20-30% range, and the eulfur content was 
in the 1 to 3% range. 

A major problem was the T250 temperatim of the coals, and this matter is 
discussed at length in the Final Report. We also include in this Appendix a 
brief rcem on this subject from Penn State's Fuels Reseamh Center. 

The limestone properties and size distribution are listed after the coal 
tables. This material, as well as the hydrated lime, which was used in several 
very brief tests near the end of the project, were commercial, pulverized 
material sold for agricultural Avposes bv Agway Company, Williamsport, PA, a 
farm supply distributor. They obtain thematerialfm~PA suppliers. No 
attempt was made to perform a pore size analysis of the sorbsnt. 

A-V-l 



Finally, several brief tests were xrformed with food grade. calcium 
acetate, which was obtained from Niacet Chemical Gxnpan~, Niasara Falls. NY. 
While the initial test showedthat this material was considerably more 
effective as a sulfur sorbent than limestone, subsequent attempts to increa6e 
the injection rate into the combustor caused the formation of ma.ior depxits~ in 
the injection zone','and the test6 were terminated. These.tests are briefly 
noted in Appendix I. tie to the injection difficulties. we cannot draw any 
conclusions on the effectiveness of this sorbent. 

., 

Finally:numerous slag and scrubber samples were taken and analysed. The 
conclu6ion6 drawn from these analyses are given in the bodyof the final 
report, and in Anpendix'II. tie.to the numerous data 6h6et6 of these data. 
they are not included in the Final Hewrt. However, they are available for 
future irxpaction or analysis; if the need arises. 



PROPERTIES OF THE TEST LIMESTONE. AS SUPPLIED BY AGWAY CCMPANY 

COMPOSITION 
CaC03 (%wei&tJ &Cl (%weight) OTHERINSOLUBLE (%wt) 

07 10 3 

SIZE DISTRIBUTION 

Mesh Size 

Percent Passing Mesh 

30' 

100% 

50 60 

97% 90% 

100 

65% 

200 325 

65% 40% 

.A-V-3 



“‘NNSTATE lWI4) 86S.6S4.1 
18141 IlhS.bWJ 

E.w~y md Fuels Rcsarch Crntcr SII L&k Lhildmg 
The Pmn~ylunnu Slrtc Univcrrity 
Univcrrily Park. PA ,6”02 

July 21. 1988 

Mr. Ed Fleming 
1109 Wassergass 
Hellertown, PA 18055. 

Dear Mr. Fleming: 

Enclosed is the information you requested (7/21/88) pertaining to the 
ash fusion properties of coal seams that may be used by Pennsylvania Power 
and Light. Table 1 provides a listing of coal seams by county that have 
ash fusion (reducing'softening) temperatures below 22OO'F. Total sulfur 
also is included to prov~ide some indirect information on raw coal quality. 
The information provided in Table 1 was extracted from the Pennsylvania 
Coal Data Base and Market Analysis System which is a remote access coal 
data base funded, Inpart, by PEOA. 

In an earlier ,conversation with David Glick, you expressed interest in 
correlations between ash fusion (reducing softening) temperatures and the 
forms of sulfw. The following Is a listing for whole seam,samples from 
the Appalachian region as a whole (174 samples) and for Pennsylvania coal 
seams alone (97 samples). This infonnatfon was obtained from a preliminary 
statistical analysis of the Penn State Coal Data Base. 

. 

Correlation Coefficients 
Ash Fusion vs. Sulfur Forms 

Total Pyritic Organic 

Appalachian Coals -0.72 -0.69 -0.52 
Pennsylvania Coals -0.71 -0.71 -0.42 

Thank you for your inquiry. 

Sincerely, 

/r .+& 'L4(.' 
u;.gpJf 

Garet$Mitchell 

GM:plm 

Enclosure 

A-V-4 
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TABLE 1 

Township 

Cambria County 

Blacklick 

Barr, 

Barr 

Barr 

Barr 

Barr 

Barr 

Barr 

Barr 

Barr 

Barr 

Dean 

Centre County 

Rush 

Rush 

Rush 

Lower Freeport 

Lower Freeport 

Lower Freeport 

Lower Freeport 

Lower Freeport 

Lower Freeport 

Lower Freeport 

Lower Freeport 

Lower Freeport 

Lower Freeport 

Lower Freeport 

Lower Freeport 

Ash Fusion. 
Reducing Softening Temp. Total Sulfur 

2193 2.59 

2175 2.44 

2130 2.58 

2045 3.25 

2080 2.82 

2025 : 2.98 

2020 2.54 

2070 ., 3.76 

2065 3.17 

212D 4.83 

2170 2.93 

2180~ 2.58 

Upper Freeport 2040 3.56 

Upper Kittanning 2140 2.83 

BrookviTle ,219o 5.20 

Brookville 2130 3.50 

Lower Kittanning 1900 3.90 

A-V-5 



,,’ 

Township 

Indiana County 

Cherryhill 

Canoe 

Canoe 

East Wheatfield 

Burrell 

West Wheatfield 

Banks .. 

Canoe 

Pine 

Canoe 

Canoes 

Banks 

West Wheatfield 

Somerset County 

Stony Creek 

Milford 

Paint 

C’S : _: ,vI i, ,~ : 

TABLE 1 continued 

Seam 
Ash Fusion, 

Reducing Softening~ Temp, 

Clarion 

Lower Freeport 

Lower Freeport 

Lower Kittanning 

Lower Kittanning 

Upper Freeport 

Upper Freeport 

Upper Freeport 

Upper Freeport 

Upper Freeport 

Upper Freeport 

Upper Freeport 

Upper Freeport 

Upper Kittanning 

2170 

2130 

2130 

2190 

2doo 

2130 

2169 

2080 

'~2170 

2185 

2100 

2140 

'2090 

2127 

Lower Bakerstown 

Lower Bakerstown 

Lower Freeport 

Middle Kittanning 

Upper Freeport 

Upper Freeport 

Upper Kittanning 

2180 4.14 

2130 2.10 

2130 2.90' 

2195 3.12 

2190 3.99 

2035 3.20 

2145 2.00 

r 

,,. 

Total Sulfur 

~.. .40 

2.50' 

3.10 

3.79 

4.45 

2.40 

.86 

2.10 

2.40 

3.54 

3.50 

1.90 

2.80 

3.30 

A-V-6 



_ e$SSM p:~;R. smn.~d-.IL ).S~~.‘.. - . - . - 
CERTIFICATE OF ANALYSIS 

cLJENT' Coal Tech Corporation 
P..O. Box 154 
Merion Station, PA 19066-0154 

DATE REPORTED: II,3D,87 

REPORT NO: 8712504-001 

DATE SAPPLED: Unknown 

SAMPLE TYPE: Ash and Deposits DATE RECEIVED:'11/23/87 

SAWLED BY: Client PURCHASE NO.: DOE-CC-26 

SAWLE IDENTIFICATION: Coal* ] ORDER NO.: 

AS RECEIVED DRY BASIS 

Total Moisture % 0.65 
Volatile Hatter 19.8 
Fixed Carbon : 68.3 
Ash % 11.2 

Heating Value Btu/lb 12140 

Sulfur 
xx: 

1.13 
Carbon 78.4 
Hydrogen (Excluding H lnmoisture) 4.17 
Hydrogen (Including H In moisture) ii 4.24 
Nitrogen ,1.21 
Oxygen (Excluding 0 jn moisture) fi .3.21 
Oxygen (Including 0 in moisture) X0 3.79 

19.9 
68.7 
11.3 

12220 

1.14 
78.9 
4.2 

1.22 
3.23 

Respectfully submitted, 

ew+ 

C. & J.. ussoar. Program Supervisor 
Laboratory Services 

APR 

cc: Dr. Bert Zauderer 

Form NO. Ll,. Rev. *ta7 
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dW.Ic lIeadiz~.wm5 ..i :., .,., 
CERTlFlC,AT.E, C~F ANALVSl$. ~, : 

CLIENT: Coal,Tech Corporation 
P.O. Box 154 

DATE REPORTED: 12/01/87 

Merion~ Station,, PA 19066-0154 REPORT NO: '~8712504-001 
I 

DATE SAMPLED: Unknown 

SAl@LE TYPE: Ash .and Oeoosits DATE RECEIVED: 11/23/87 " 

SAWLEO BY: Client PURCHASE NO.: DOE-CC-26 

SAWLE IDENTIFICATION: Coal* ) _ OROER NO.:. 

-v-_--e- 

ASH ANALYSIS .: % 

Silica 

Iron Oxide 

Aluminum Oxide . 

Calcium Oxide 

': :: Si02 

Fe'-'0' 2-X 

.A?203 

CaO 

52.2 

7.37 

29.7 .' 
1.04 

Magnesium Oxide 0.47 

Sodium Oxide Na20 1' ~, .~ c!.?yJ. ", ,~ ,: ,' 
.' 

Potassium Oxide K20 2.68 

APR : ',., . . 
cc: Or. Bert Zauderer .~ ,, 

ForIn NO. Lila Rev. 1187 A-V-8 ,. 

o-- II-~ a-’ cum-m-- OuLrmEaFa! 
sll-1L .--m -m -OLken w-- ,Pbrn’ zl!l!- II- 
zzz - CO-B. tEzrc¶m fZllYSEl- 

zE!c2-= -VA-,- WQYI’ m,- . . . - 
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CERTIFICATE OF ANALVSIS 

CLIENT: COAL TECH CORP. 
-P. 0. BOX 154 
MERION. PA. 19066-0154 

SAMPLE TYPE: Coal lict 

SAWLF~ BY: Client 

SAW'LE IDENTIFICATION: ;;$;ird Coal - 

DATE REPORTED: 2/5/m 

REPORT NO: 8813725-001 

DATE SAMPLED: Unknown 

DATE RECEIVED: i/22/88, 

PURCHASE ND.: DOE-CC-41, 

ORDER' NO.: 

Total Moisture 
Volatile Matter 
Fixed Carbon 
Ash 
Heating Value 
Sulfur 
Carbon 
Hydrogen [ExcJuding H in moisture) 
t&drogen (.Including H in moisture) 
Nitrogen 
Oxygen (Excluding 0 in moisture) 
Oxygen (Including 0 in moisture) 

: 

: 
Btu/lb 
% : xx : 

AS RECEIVED DRY BASIS 

0.66 
22.8 
63.6 
12.9 

13,420 
1.25 

76.8 
4.23 
4.16 
1.30 
3;54 
2.95 

22.9 
64.0 
13.0 

13,510 
1.26 

77.3 
4.18 

1.30 
2.91 

Respectfully submitted. 

Q&e p&dJ 
CARL J. WUMMER - GROUP LEADER 
LABORATORY SERVICES. 



WWHEERS . RAenaBs . ScLllm 

CERTIFICATE OF ANALYSIS 

CLIENT: COAL TECH. CORP. DATE REPORTED: z/5038 
P. 0. BOX 154 
MERION. PA. 19066-0?54 REPORT NO: 8813726N 

DATE SAMPLED: Unknown 

SAMPLE TYPE: ( Coal Ash 4 L 

SAMPLED BY:, Client 

DATE RECEIVED: l/22038 

PURCHASE NO.: DOE-CC-41 

SABLE IDENTIFICATION: 001: Sample A Ash Fd& ORDER NO.: 
CahL~ ShqPLtY 

. . 
---m-m_-m____e-mm- 

ANALYSIS 001 

Aluminum Oxide as A1203 

Calcium Oxide as CaO. 

Iron Oxide as Fe203 

Potassium Oxide as K20 

Sodium Oxide as Na20 

Silica as Si02 

% 23.8 

%, 1.25 

% 10.7 

% 2.72 

% 0.37 

% 53.2 

Form No. L11a Rev. 1187 

LABORATORY SERVICES 



-4BSSM . lmm.lRHwI d IrM.INC wwrm* - wNL!lus . - 
CERTIFICATE OF~ANALYS,IS 

CLIENT: Coal Tech Corporation 
P. 0. Box 154 
M&-ion Station, PA 19066-0154 

SABLE TYPE: Coal J& / 

SAWLEO BY: client 

SAkPLE IDENTIFICATION: Sample 6: 2nd LOad 

SIEVE ANALYSIS (WET) 

% Retained on 60 Mesh 

% Retained on 100 Mesh 

% Retained on 200 Mesh 

% Retained on 325 Mesh 

% Passing on 325 Mesh 

Air Dry Loss % 

DATE REPORTED: 12/16/87 

REPORT NO: 8712838-002 

DATE SAMPLED: Unknown 

DATE RECEIVED: 12/11/87 

PURCHASE NO.: 

ORDER NO.: 

0.0 

0.2 

2.5 

4.2 

,93.1 

0.13 

Respectfully submitted, 

~$$?$kl Director 

APR 
cc: Ed Fleming 



aBSSM .~y,- ‘-:~ ,N,~‘~m&a-.‘” 
CiIFICATE OF ANALYSIS 

CLIENT: Coal Tech Corporation 
PI 0. Box 154 
Merion Station. PA 19066-0154 

SABLE TYPE: Coal +I 

SAWLED BY: Client 

SAt+'LE IDENTIFICATIOIi: Sample A: 'Bottom of Bin 

---me--- 

SIEVE ANALYSIS (WET) 

5, Retained on 60 Mesh 

% Retained on 100 Mesh 

% Retained on 200 Mesh 

% Retained on 325 Mesh 

% Passing on 325 Mesh 

Air Dry Ldss % 0.18 

DATE REPORTED: I2,16,B7 

REPORT NO: B7I2B3B-001 

DATE SA~+-LE~: Onknown 

DATE RECEIVED: I2/II/B7 

PURCHASE NO.: 

ORDER NO.: 

0.7 

3.1 

7.6 

5.0 

83.6 

Respectfully submitted, 

g?!$$$k Director 

APR 
cc: Ed Fleming 

A-V-12 
Form No. Lila Rave 1187 



CERTIFICATE OF ANALYSIS 

CLIENT: COAL TECH CORP. 
P. 0. BOX 154 
MERION. PA. 19066-0154 

SAJ9'LE TYPE: COAL 

SAFf'LED BY: CLIENT 

DATE REPORTED: 3ilvaa 

REPORT NO: 8814603 

DATE SAWLED: 

DATE RECEIVED: 3/1/w 

PURCHASE NO.: DOE-CC-44 

SAtQLE IDENTIFICATION: #BB14603-001 
SAMPLE "A" 

----------------- 

ORDER NO.: 

AS RECEIVED DRY aASIs 

Total Moisture 
Volatlle Matter 
Fixed Carbon 
Ash 
Heating Value 
Sulfur 
Carbon 
Hydrogen Excluding H in moisture) 

I Hydrogen Including H in moisture) 
Nitroaen 
~Oxygei; Excluding 0 in moisture 

I Oxygen Including 0 in moisture 

cc: Dr. B. Zauderer 

Corm No. Ll la Rev. 1187 

f 22.4 1.03 ,22.6 

i 63.0 13.6 63.6 13.7 
Btu/lb 13280 13420 
3 1.34 1.35 
% 75.7 76.4 
!' ,4.18 4.07 4.11 

t 3.85 l-.33 -1.34 2.91 
x 2.94 

Respectfully submitted. 

CARL J. W&!MER - GROUP LEADER 
LABORATORY SERVICES 



4 

4BSSM M.-l d LCPI.lrK fra3NIus.)uwIpI.- 
CERTl,FlCATE OF ANALYSIS 

CLIENT: COAL TECH CORP. 
'P. 0. BOX 1% 

DATE REPORTED: 

MERION, PA. 19066-0154 REPORT NO: 

DATE SANF'LED: 

SAMPLE TYPE: COAL DATE RECEIVED: 

SAWLED BY: CLIENT PURCHASE NO.: 

SAMPLE IDENTIFICATION: 6881671%001 
SAMPLE "A" 

ORDER NO.: 

Total Moisture 
Volatile Matter 
Fixed Carbon 
Ash 
Heating Value 
Sulfur 
Carbon 
Hydrogen (Excluding H in moisture) 
Hydrogen (Including H in moisture) 
Nitrogen 
Oxygen (Excluding 0 in moisture) 
Oxygen (Including 0 in moisture) 

X, 
X 
X, 

Bt:,lb 
% 

! 
% 

i 
% 

AS RECEIVED DRY BASIS 

1.15 
28.3 
58.2 
12.4 

13280 
1.54 

73.8 
4.18 
4.30 
1.14 
5.77 
6.79 

6117188 

a816719 

612188 

DOE-CC-62 

28.6 
58.9 
12.5 

13430 
1.56 

74.7 
4.22 

1.16 
5.84 

,J. M. MEHOLICK - GROUP LEADER 
LABORATORY SERVICES 

cc: Dr. Zauderer 

A-V-l& 



‘.~ @+bSM m.llNw d ~.mc WYIUI . - . scstnm5 
CERTIFICATE OF ANALYSIS 

CLIENT: 

SAMPLE TYPE: ASH 

SAPPLED BY: CLIENT 

COAL TECH CORP. 
P. 0. BOX 154 
MERION. PA. 19066-0154 

SAWLE IDENTIFICATION: &$';A!"' 

-_______--_--____ 

ANALYSIS 

Aluminum Oxide X A1203 24.2 

Calcium Oxide 5; CaO 0.47 

Iron Oxide % Fe203 12.4 

Magnesium Oxide % MO 0.63 

Silica % Si02 49.5 

Chromium Oxide X Cr203 0.02 

DATE REPORTED: 6fi7faa 

REPORT NO: 8816719 

DATE SAMPLED: 

DATE RECEIVED: 6/2/BG 

PURCHASE NO.: DOE-CC-62 

ORDER NO.: 

001 

t&/M. MEHOiICK - GROUP LEADER 
LABORATORY SERVICES 

cc: Dr. Zauderer 

Form No. L11a Rev. 1187 A-V-15 



I, 

CERTIFICATE ,OF ANALYSIS ; 

CLIENT: COAL TECH CORP. 
P. 0. BOX 154 

DATE REPORTED: 916188 

MERION, PA. !9066-0154 ,REPORT NO:~ 8819251 

DATE SAMPLED: 

SAMPLE TYPE: COAL DATE REWIVED: 8/22/88 

SAMPLED BY: CLIENT PURCHASE ND.: DOE-CC-71 

SAMPLE IDENTIFICATIDN: #8819251-001 
SAMPLE "B" COAL 

ORDER NO.: 

--_-------________--_____ 

ANALYSIS 001 

Aluminum Oxide % ~A12D3 22.3 

Calcium Oxide % cao 0.62 

Chromium Oxide % % CrO2 0.03 

Iron Oxide .% Fe2D3 16.4 

Magnesium Oxide % MgO 0.50 

Silica % SiD2 49.7 

cc: Dr. Zauderer 

Form No. l.lla Rev. 1107 A-V-16 



+#!$SSM ycm.lRwllI d YCOI. K yLoI*ms . n*lwm . rrenm 
CERTIFICATE OF ANALYSIS 

CLIENT: COAL TECH CORP. DATE REPORTED: g/6788 
P. 0. BOX 154 
MERION. PA. 19066-1154 REPORT ND: 8819251 

DATE SAMPLED: 

SAMPLE TYPE: COAL DATE RECEIVED: 8/22/88 

SAMPLED BY: CLIENT PURCHASE NO.: DOE-CC-71 

SAWLE IDENTIFICATION: #8819251-DO1 
SAMPLE "B" COAL 

ORDEN NO.:’ 

Total Moisture 
Volatile Matter 
Fixed Carbon 
Ash 
Heating Value 
Sulfur 
Carbon 
Hydrogen (Excluding H in moisture) 
Hydrogen (Including H in moisture) 
Nitrogen 
Oxygen (Excluding 0 in moissture) 
Oxygen (Including 0 in moisture) 

: 

f 
Btullb 

% 

xx 

; 

; 

AS RECEIVED DRY BASIS 

2.65 
34.3 35.2. 
50.0 51.4 
13.0 13.4 

12590 12930 
2.48 2.55 

68.0 69.9 
4.43 4.55 
4.73 
1.14 1.17 
8.21 8.43 

10.6 

N M. MEKOLICR - GROUP LEADER 
SERVICES 

cc: Dr. Zauderer 

Form NO. Ll %a Rmv. 1187 A-V-17 
l,Pw 10: 
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CERTIFICATE OF ANALYSIS : 

CLIENT: COAL TECH CORP 
P 0 BOX 154 
MERION PA 19066-0154 

SAM“LE TYPE: COAL 

SAWLED BY: CLIENT 

SAWLE IDENTIFICATION:~8822262-001 
FUEL SAMPLE 

DATE REPORTED: 12126188 

REPDRT'NO: 8822262 

DATE SAWLED: 

DATE RECEIVED: 12120188 

PURCHASE NO.: DOE-CC:78A 

ORDEB NO.: 

AS RECEIVED DRY BASIS 

Total Moisture 2.04 
Volatile Matter i 32.2 
Fixed Carbon 
Ash z 

53.0 
12.8 

He;e;:g Value BY1 b 12750 2.08 
Carbon 72.5 
Hydrogen (Excluding H In molsture 

1 i 
4.42 

Hydrogen (Including H In moisture 4.65 
Nftrogen 1.16 
Oxygen (kcludlng 0 in moisture 5.02 
Oxygen (Xncludtng 0 fn moisture 6.83 

32.9 
54.1 
13.1 

13020 
2.12 

74.0 
4.51 

1.18 
5.12 

SIEVE ANALYSIS 

% Retained on 50 Mesh 
% Retafned on 100 Mesh z-t 
% Retained on 200 Mesh 22:9 
% Passing 200 Mesh 76.5 

i?Yczfzz 
&O~ATORY SERGES 

cc: Dr. B. Zauderer 

FOrm No. Llia Rev. 1187 A-V-18 
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: saom.s,MHs a-d m‘cm.tNc euNEElS . R.Wb4E.I . YYyIms 

CERTlklCATE OF ANALYSIS 

CLIENT: COAL TECH CORP 
P OBOX154 
MERION PA 19066-0154 

SAWLE TYPE: COAL 

SAWLED BY: CLIENT 

SAWLE IDENTIFICATION: #88*226*-00' 
FUEL SAMPLE 

Silica % 902 48.4 

Alumlnum Oxjde 4 Al*03 21.6 

Calcium Oxide % CaD 0.95 

Iron Oxide % Fe203 14.3 

Potassium Oxide % K20 1.62 

Sodium Oxide % Na20 0.02, 

DATE REPORTED: 12/26/88 

REPORT NO: 8822262 

DATE SAMPLED: 

DATE RECEIVED: 12/20/88 

PURCHASE NO.: DOE-CC-7BA 

DRDER ND.: 

DO1 

(rkwd&lq~aitt 

2: M. MEHOLICK - GROUP LEADER 
LABORATORY SERVICES 

cc: Dr. 8. Zauderer 

Form NO. ~1 ta Rav. 3187 A-V-19 
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CERTIFICATE OF ANALYSIS 

ANILVTICAL 
UIORITOR” 
30Nob*am! 
P.O. aa as27 
Relding PA 19611-0527 
,2151316-6581 FAX ,215, SW-69M 

CLIENT: COAL TECH CORP 
P 0 BOX 154 
MERION PA 19066 

REPORT NO: 8927802 
P-0. NO.: DOE-CC-100 
DATE REPORTED: July 14, 1989 
DATE RECEIVED: July 01, 1989 
WORK ORDER NO.: 

SAMPLING DATE: BY: CLIENT 

SAMPLE DESCRIPTI’ON: COAL 

SAMPLE IDENTIFICATION: #8927802-001 
COAL SAMPLE 

AS RECEIVED’ DRY BASIS 

Total Moisture 
Voletile Matter 
Fixed Carbon 
Ash 
Heating Value 
Sulfur 
Carbon 
Hydrogen (Excluding Ii in moisture) 
Hydrogen (Including l-l in moisture) 
Nitrogen 
Oxygen (Excluding 0 in moisture) 
Oxygen (Including 0 in moisture) 

Silica 
filuminum oxide 
Calcium Oxide 
Iron Oxide 
Magnesium Oxide 

% SiO1 
% ,AlfJI 
% cao 

% 2.27 
% 33.7 
% 53.5 
% 10.5 
Btu/lb 13010 
% 2.26 
% 71.8 
% 4.69 
% -4,. 44 
% 1.19 
7, 9.53 
% 7.51 

COAL SAMPLE - 001 

44.8 
21.8 

3.57 
19.0 

1.43 

34.5 
54.7 
10.7 

13310 
2.31 

73.5 
4.54 

1.22 
7.69 

A-V-20 
!RTIFICATIONS AN0 AFF,U*TIONS 
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- 
- &jb’SSM ‘iNALY?lCAL 

UaOR*TOR”” ” 
30 Noble wea 

qp ,,~~*~~~~~~ P.O. Box 6521 
Reading PA 19611.0527 

CERTIFICATE OF ANALYSIS 
,215) 376-6581 FAX ,215,375~6950 

COAL TECH CORP JULY 14, 1989 
REPORT #S927802 PAGE 2 

PARTICLE SIZE ( BAHCO) 

LAS. NO. B927BO2- 1 

TERMINAL VELOCITY 
(IN/MIN) 

285 

PARTICLE SIZE 
(MICRONS) 

45 

CUMULATIVE WEIGHT (%I 
(LESS THAN) 

77.4 

7. Larger Than 100 M@5h (150 Microns) 
7. Smaller Than 100 Mesh (150 Microns) 
Specific Gravity 1 .~28 

Respectfully submitted. 

CARL J.%“M”ER - GROUP LEADER 
LAtiORATORY SERVICES 

cc: Dr. 8. Zauderer 

A-V-21 

CEUT,FCAT,ONS AND *FFILII\TIONS I. 

I 
HYGIENE 
ASSOCIATION Chamlc*l (cod) “.V, ., -. . ..e . . .. 



$f@@SSM ~, ,~*‘,““,“~“~ 
CERTIFICATE OF ANALYSIS 

.N*LYYIC*L 
lABORATORY 
30NobleS(r#et . . 
P.0. Box 8521 
Reading PA 1%11:0527 
(215) 376-6581 
FAX (215,3X-6950 

CLIENT: COAL TECH CORP 
P 0 BOX 154 
MERION PA 19066 

REPORT NO: 9931465 
P.O. NO.: DOE-CC-100 
DATE REPORTED: October 16, 1989 
DATE RECEIVED: October 05, 1989 
WORK ORDER NO.: 

SAMPLING DATE: BY: CLIENT 

SAMPLE DESCRIPTION: COAL 

SAMPLE IDENTIFICATION: 9/28/89 RUN 

Total moisture % 
Volatile Matter % 
Fixed Carbon % 
Ash % 
Heating Value Btu/lb 
Sulfur % 
Carbon % 
Hydrogen (Excluding H in moisture) % 
Hydrogen (Including H in moisture) % 

% Nitro&n 
Oxygen (Excluding 
Oxygen (Including 

0 in moisture) % 
0 in moisture) % 

SIZE ANALYSIS 

> 100 MESH 0.0 
> 52 MICRONS 21.4 
< 52 NICRONS 78.6 

ASH ANAI YsIs DRY BASIS 

Silica 
Iron Oxide 
Aluminum Oxide 
Calcium Oxide 
Plagnesium Oxide 

% SiO 
% FQ 
% 

A 

% 
A’201 
Cd0 

% QO 

47.6 
12.0 
26.5 

2.17 
0.81 

AS RECEIVED DRY BASIS 

1.18 
.24.8 
42.5 
11.5 

13250 
1.47 

73.4 
4.11 
4.25 
1.12 
7.20 
8.25 

% MATERIAL 

25.1 
63.2 
11.6 

13410 
1.49 

74.5 
4.16 

1.13 
7.28 

Respectfully submitted, 

&% %YcG&@. eb-#+? 
cc: Dr. 8. Zauderer J. M. MEHOLICK - GROUP LEADER 

CERTlFlCATlONS AND *FFIIl*TIONS A-V-22 LABORATORY SERVICES 



SSM uanh-uDIso”.*c~ uoIw.-.-” 
CERTIFICATE OF ANALYSIS,’ 

ANALYTIC&L 
UMIRIIORY 
30 NODI. SLmt 
P.O. Box Lx*, 
n.amg PA ,961 I .0527 
(215) 318.6581 
FAX ,215) 316.6950 

CLIENT: COAL TECH CORP REPORT NO: 9034079 
P 0 BOY 154 P.O. NO.6 
MERION PA 19066 DATE REPORTED: January 12, 1990 

DATE RECEIVED: Januarv 02. 1990 

SAMPLING DATE: BY: CLIENT 

SAMPLE DESCRIPTION: COAL 

SAIlPLE IDENTIFICATIDN: *903407-001 
COAL SAMPLE 

WORK ORDER NO. : no~-rts~-,, 

Total Moisture % 
Volatile Matter 7. 
Fixed Carbon % 
Ash 7. 
Heating Value Btu/lb 
Sulfur % 
Carbon % 
Hydrogen (Excluding H in moisture) % 
Hydrogen (Including H in moisture) % 
Nitrogen % 
Oxygen (Excluding 0 in moisture) % 
Oxygen (Including 0 in moisture) % 

AS RECEIVED DRY BASIS 

1.17 
37.1 
50.8 
10.9 

13450 
5.29 

74.4 
5.01 
5.14 

37 .‘5 
51.4 
11.0 

15610 
3.33 

75.3 
5.07 

1.53 1.54 
3.73 3.77 
4.77 

‘j. M. MEHOLICK - GROUP LEADER 
LABORATORY SERVICES 

CC: Dr. S. Zaudrrer 

A-V-23 

CERYlFlCAYlONS AND AFFklATlONS 

A MERICAF( 
INDUSTRIAL . .^,_. .- 

MARYLAND NEW JERSEY 
sua canlied suy cawea 
WlU, 0u.g w.tu Ub0r.m 
lAbolmfy 

PENNSYLVANIA 
c4mwd orinkiing 
wu.r uwmfoy 



SSM 
lwAL*lcAL L4SOnATORV 30 NobloS”an P.O.ear9521 -,-uDIcov,*s. Reading PA19611.0527: 

-.-.- ,219) 316-6581 

CERTIFICATE OF ANALYSIS FAx(215)376-6950 

CLIENT: COPL TECH CORP REPORT NO: 9034079 
P 0 BOX 154 P-0. NO.: 
MERION PA 19066 DPlTE REPORTED: ‘Januarv 12, 1990 

D&TE RECEIVED: January 02, 1990 
WORK ORDER NO.: 

SCIMPLING DFITE: BY: CLIENT 

SAMPLE DESCRIPTION: COAL 

SAMPLE IDENTIFICATION:~ *9034079-001 
COAL SAMPLE 

Q0E-ASH-// 

Silica 
Calcium Oxide 
Magnesium Oxide 
Sulfur Trioxide 
FIluminum Oxide 
Iron Oxide 
Barium 
Strontium 
Lead 
Cadmium 
Chromium 
Fwsenic 
Copper 

% 
7, 

SiOZ 
Cd0 

% M90 
% 
% 

SOS 

% 
A’103 
F=Ps 

mg/kg q a 
mg/kg Sr 
mg/kg Pb 
mg/kg Cd 
mq/kg Cr 
mg/kg pls 
mglkg 0.1 

001 

46.2 
1.44 ,:~ 
0.6 

LABORATORY SERVICES 

CC: Dr. B. Zauderer 

A-V-24 

LCRTIFICATIONS AN0 AFFlu4noNS 

.~MERIcAN 
,, ,,M*RYUND NEW JERSEY PENNSYLVANIA 

sua Cmilied ” smta cm-uaea C,riilied Drinking 
fDUSTNIAL wata OUalily water Laboratory w*ler Laboratow 

Lc.bormo~ Ck~~iC*l/BiOlOgiC~l .F_. ~, 



48 SSM /~.etmratories w0aFe.w ,! 

CLIENTIT COAL TECH CORP 
P 0 BOX 154 
MERION PA 19066-0154 

RswoRT 2io: 9035936 
P.O. NO.: WE-CC-112 h 
DATE REPORTED: March 6, 1990 
DATE RECEIVED: February 21, 1990 
HORX ORDER NO.: fl,L:--QC-rIL 0 

BMPLINQ DATE: BY: CLIENT 

SAMPLE DEBCRIPTIONr COAL 

BAUPLE IDENTIPICATION: 69035936-001 
SAMPLE 2/13/90 

Total Moisture 
Volatile Matter 
Fixed Carbon 
Ash 
Heating Value 
SIllfur 
Carbon 

z 
z 

: 
Btu/lb 

8 

Hydrogen (Excluding H in moisture) t 
Hydrogen (Including H in moisture) Z 
Nitrogen 
Oxygen (Excluding 0 in moisture) : 
Oxygen (Including 0 in moisture) z 

AS RECEIVED DRY BASIS 

1.28 
21.0 
66.7 
11.0 

13500 
1.06 

79.5 
4.04 
4.18 
1.24 
2.98 
4.11 

,21.3 
67.6 
11.1 

13680 
1.07 

80.5 
4.09 

1.25 
3.01. 

Respectfully submitted, 

CARL J. hKt4ER - GROUP LEADER 
LABORATORY SERVICES 

CC: Dr. 8. Zauderer 

A-V-25 

646 Norlh Wyomlulng Boulevard P.O. BOX 0307 Rudlng PA 190100507 (21$3786681 Pan (216) 376-6~50 

Olhr olller In Edllmaa, Lehlgh Valley and Trmlon. 



CLIENTI COAL TECH CORP RBPORT NO: 9035936 
P 0 BOX 154 P.O. NO.; DOE-CC-112 
NBRION PA 19066-0154 DATE REPORTED: March 6, 1990 

DATE RECEIVED: February 21, 1990 
WORK ORDER NO. : 

NANPLING DATE: BY: CLIENT 

BANPLB DESCRIPTION: COAL 

& e!iiiM /Laboratories 
udwaI., . Ruwts . YEmsn 

SANPLE IDENTSFICATION: 19035936-001 
SAMPLE z/13/90 

Aluminum Oxide 
Silica 
Iron Oxide 
Calcium Oxide 

: 
Al,‘4 42.4 
'SiO, 29.7 

0 7.72 
% 1.25 

Respectfully submitted, 

CARL J. iJllMMER - GROUP LEADER 
LABORATORY SERVICES 

cc: Dr. 8. Zauderer 

!.-,‘I-26 

345 NOM wyomlulng 00ulevara P.O. BOX 6307 mame PA 19610-0307 (215) 376-6561 Fax (215) 3765950 

Other offices In Bslllmore. Lehlph Vdley sna Trenton.’ 
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CLIENT: COAL TECH CORP REPORT NO8 9038951 
P 0 BOX 154 0.0. NO.8 DOE-CC-124 
HERION PA 19066-0154 DATE RBFORTBD: June 26, 1990 

DATE NBCEIVNDz June 05, 1990 
WORK ORDER NO.: 

SANPLIWS DATE: BY: CLIENT. 

SANPLE DESCRIPTION: COAL 

SAMPLE IDNNl'IFICATION: 19038951-001 
COAL SAMPLE 

Total Moisture 
Volatile Matter 
Fixed Carbon 
Ash 
Heating Vaue 
Sulfur 
Carbon 
Hydrogen (Excluding,H in moisture) 
Hydrogen (Including H in moisture) 
Nitrogen 
Oxygen (Excluding 0 in moisture) 
oxygen (Including 0 in moisture) 

: 
Btu/lb 

% 

AS RECEIVED DRY BASIS 

1.67 
31.9 
53.8 
12.6 

12,830 
1.75 

74.1 
4.74 
4.92 
1.27 
3.84 
5.32 

32.4 
54.7. 
12.8 

13,050 
1.78 

75.4 
4.82 

1.29 
3.90 

RESPECTFULLY SUBMTITED, 

cc: Dr. B. Zauderer 

-J. L. PARIS - CHEMIST 
LABORATORY SERVICES 

A-V-27 

~~~NoII~WYCIWMI~~BOUIW~ P.O. BOX 6307 Rudlnq PAl6610-6307 (215)375-5561 Fax (216)3764950 

OUmr olllea In Balllmor~. Lahlgh Valley and Trmlon. 



Bb SSM /Laboratories -~-&Jkia& 

CLIENT: COAL TECH CORF' REPORT NO: 9038951-2 
P 0 BOX 154 P.O. NO.: DOE-CC-124 
MERION PA 19066-0154 DATE REPORTED: June 26, 1990 

DATE RBCEIVBD: June 05, 1990 
WORK ORDER NO.: 

SN4PLING DATE: BY: CLIENT 

SANPLE DESCRIPTION: COAL 

PARTICLE SIZE (BAECO ANALYSIS) 

LAB NO. 9038951 - 1 COAL 

TERNINAL VBLCCITY PARTICLE BIZE 
(IN/NIN) (MICRONS) 

CUN'JLATIW WBIQNT (%;) 
(LESS TNAN) 

0.34 2.0 10.6 
1.18 3.6 16.4 
5.70 8.0 37.3 

45.0 23.0 78.8 
141 40.0 85.6 
285 48.0 88.9 

Specific Gravity 1.26 
0 Retained on 100 Mesh 0.0 
% Passing 100 Mesh 100 

Respectfully submitted, 

J. L. PARIS - CHEMIST 
LABORATORY SERVICES 

cc: Dr. B. Zauderer 
4-V-26 

345 Norlh Wyoml~Ing Boulenrd P.O. Box 6307 Rwdlng PA 19610-0307 (215) 376.6551 Fax (215) 376-5950 

Olhar omces in Snlllmore. Lehlgh Valley and Trenton. 



~~ SSM /Laboratories 
,.,S;WeX 

CERTIOICATE 

CLIENT: COAL TECH CORP 
P 0 BOX 154 
MERION PA 19066-0154 

SAMPLING DATE: BY: CLIENT 

SAMPLE DESCRIPTION: COAL 

Moisture 
Loss On Ignition 
Silica 
Aluminum Oxide 
Iron Oxide 
Calcium Oxide 
Magnesium Oxide 
Potassium Oxide, 
Zinc 
Cadmium 
Barium 
Copper' 
Mercury 
Strontium 
Arsenic 
Lead 
Chloride 

% 
% 
% SiO, 

~% AV'x 

: 
;zo03 

MgO 
: K20 

w/kg 
mg/W 
Wkg 
w/kg 
w/W 
mg/kg 
w/kg 
mg/kg 
w/kg 

REPORT NO: 9038951-3 
P.O. NO.: DOE-CC-124 
DATE REPORTED: June 26, 1990 
DATE RECEIVED: June 05, 1990 
WORK ORDER NO.: 

001 

0.33 
64.5 

7.27 
3.30 
2.73 
0.332 
0.09 
0.29 

120 
< 14.7 
c 147 
< 44.2 

0.103 
90.5 

9.70 
c 98.2 

120 

NOTE: All results reported on the Dry Basis, except the Moisture 
analysis. 

< Indicates a Less Than value. 

Respectfully submitted, 

q&--A 
3. L. PARIS - CHEMIST 
LABORATORY SERVICES 

A-V-29 

345 Nonh Wyomlrsing Boulevard P.O. Box 6307 Reading PA 19610-0307 (215) 376-6561 Fax’ (215) 376-6950 

Other onices In Balllmora, Lahlgh Wley and Trenton. 





'U.S. DOE-CLEAN COAL PFKGRAM 

*'THE DEMONSTRATION OF AN ADVANCED CYCLONE COAL CCMBUSTOR. WITH IKl'EF&w 
SULFUR, NITRUZN, AND ASH CONTROL FOR THE CONVERSION OF A 23 MMBTu/lK)UR 

OIL FIRED E0ILER TO PULVERIZED COAL" 

FINAL TECHNICALREPORT 

APPENDIX VI. Results of the Solid Waste Sampling Perfomed 
on the Coal Tech Combwtm by an Independent Contractor 

1xuing the February 19911 Tests 

REPOKTING PERIOD - March 9, 1987 to February 28, .1991 
DOE Cooperative Agreemerit No. DE-FC22-87FC79799 

Ausust 30,1991 

By: Bert Zauderer, Project Manager, 
Edward S.Fleming 
COAL TECH CORP. 
P.O. BOX 154 

MEZION, PA 19066 

prepared for 
U.S. DEPARlMENT OF ENERGY 

PIl-rS~ENERGyTECH.Nom~ 
P.O. Box 10940 

PI'ITSBUKH, PA 15236 





INTRODUCTION 

The DOE Clean Coal Program Office selected an independent contractor, 
&ergy & Environmental Research, to sample the various solid waste streams 
produced by several of the Clean Coal Projects. In 1989, Coal Tech agreed to 
participate in this effort. A sampling; team was to take slag, scrubber solid, 
slag tank water, and scrubber water samples during the course of one of the air 
coolsdcomtustor tests. To avoid any conflict of interest, and to protect Coal 
Teh's proprietary position, the Environmental Resources Management Company was 
selected by DOE and EER to perform the actual sampling at Coal Tech. The 
sampling took place during the four day combustor test in February 1990. The 
samples were analyzed in part by the technical staff of the University of North 
Dakota Environmental Research Center. 

An initial report of the sampling was prepared in the Spring of 1990. A 
second report contained a summary of the sampling analysis results. A third 
report was prepared in mid-1991 which also summarized the findings and also 
presented a series of conclusions. In addition to conclusions concerning the 
results of the sampling, this final report aleo contained conclusions on the 
overall combustion process in the air cooled co&u&or. In Coal Tech-6 
opinion, the latter conclusions extended beyond the mandate agreed upon between 
Coal Tech and DOE for this sampling effort. In addition, some of the 
conclusions concerning the combuetor were speculative as the sampling team had 
no access to the complete combustor test data base. After discussing this 
matter with DOE, Coal Tech agl'eed to include in its Final Final Report the 
results contained in the first two reports. These two reports contain all the 
sampling test results and sunrnaries. As such all the information obtained 
during sampling is presented, and it is included in this Appendix. 

This Appendix consists of several parts. Parts 1, beginning on page VI-l, 
.swmarizees the objectives of the sampling effort and describes the test 
pt-ccedures. Part 2, beginning on page VI-11, describes ERM's test procedure. 
Part 3, provides the results of the sampling analysis, and the reader is 
referred to this part for a summary of .the sampling results. 

VI-I 





SOLID WASTE SAMPLING AND DISTRIBUTION PRWCT 

SAMPLING BEWKP #I 

Mey 1290 

Work Performed Under Contract No. DEAC21-SSMC25185 

U.S. Department of Energy 
Office of Fosd Energy 

Morgantown Energy Technology Canter 
Morgantown, Weet Virginia 

Energy and EnvironmentaI Research Corporation 
Irvina, California 
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INTRODUCTION’ 

The United St&s Department of Energy (DOE; has established a Waste Management 

Program within the Otfce of Fossil ‘Energy. A key goal of this is to ensure that w&e 

management issues do not become roadblocks to the commercialisation of advanced coal 

utilizatlon technologies. In achieving thin goal, the Waste Management Program identifies 

various emerging coal utilisation technologies and performs comprehensive characterisations ‘of 

the waste streams and products. The characterisations include engineering assessments to 

define waste streams of interest/potential coneem, field ‘studies to collect samples of the waste, and 

complete chemical analysis of collected samples. 

In a previous effort under the ,above mentioned program, DOE obtained waste stream 

samples from approsimately’20’ different facilities utilising advanced coal technologies. These 

facilities were mainly small pilot scale facilities. DOE now ,is extending their characterisation 

program to include a. number of new facilities, particularly larger pilot- and commercial-scale 

units. Energy and Environmental Research Corporation (EERI was selected to perform the site 

selection and the sampling aspects of this project. 

The current EER konb&t “~onsidts of two intetielated’ efforts: ait.4. seleCtion and waste 

sampling. Detailed sample analysis is being conducted under another DOE contract. The 

primary objectives of the site selection and sampling effort are liatod below. 

. Survey sites at which advanced fossil enemy combustion technologies are being 
~operated, and identify five rites for sampling. Priority should be given to DOE’ 
Clean Coal Technology Program Sites., 

. ’ Identify candidate solid waste streams in ,advanced~coal utilization processes’ 
likely to present disposal problems and prioritise them for sampling at selected 
sites. 

. Contact site personnel for site access, rample the streams tiprerentrtively and 
document them according to established methodology and known process 
conditions. 

. Distribute the samples to DOE’s Morgantown Energy Technology Center or their 
‘, representatives for analysis :and report on the sits visit. 

~. 

Sever.4 advanced coal utilization technologies have been tentatively selected for 

comprehensive waste characterization. One of those technologies is the advanced slagging 

VI-2 



cyclone combustor being developed by Coal Tech Corporation of Williamsport, PA Coal Tech 

agreed~to inclusion of their technology in the current waste characterisation project. On February 

13 and 14, 1990 samples were collected ti characterize both solid and liquids waste streams. This 

document provides background information on the site and describes sampling activities 

pe,rformed at this facility. 

SI'ITZSELECITON 

EER established criteria for selecting the candidate sitar. These included: 

. The demonstration has been selected as part of DOE’s Clean Coal Technology 
(CCT) Program, 

. There is a lack of data regarding the wartc products from this technology, 

. Facility operators will cooperate, 

. There is a possibility that the waste contains ngulatod compounds, 

. The demonstration is being conducted in a pilot scale facility or larger with the 
availability of SO lbs of wasto. and 

. The demonstration vnll bs operational before August 1990. 

Coal Tech Corporation is demonstrating the operation of a pilot scale advanced cyclone slagging 

combustor. This is a new technology which has not been demonstrated at full scale yet and thus 

minimal data are available regarding the characteristics of the waste products. The 

demonstration haa been selected as one of the projects funded in Round 1 of DOE’s CCT Program, 

Vhf Fti c diity operators were willing for this sampling program to be conducted at their facility. 

hov>w tit all of the criteria listod above, the slagging comhustor being developed by Coal Tech in 

Williamsport, PA was selected for inclusion in the cumnt sampling pmgmm. 

A procew flow diagram for Coal Tech’s slagging cyclone combustor ,is shown in F&e 1. 

Both liquid snd solid phase waster are produced by this facili&. The major solid, warta stream 

consists of slag from tbe combustor end residue from the wet scrubber, while liquid waster consist 

of scrubber water and slag quench water streams. 
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The ~leg ir a glarry dark material rejected in a molten form M rmall nodular 

(approximately l/4-inch in diameter), or a6 %Wagtite” fonn$.ion, depending on vircocity and 

other opemting parameters. It in collected from the bottom of the furnace and llowr into a water 

quench where it ir, cooled. The alag then is tmnfported by a subme& conveyor to drums for 

landfill dieporal. 

A venturi wet umbimr is used for pn&culate collection in thr flue gu. The scrubber water 

nommlly consirm of fly ash rwpcnded in water. However, when limartme ir injected into the 

combwtm with coal, unrucbd limrrtone and lie alao are suspended in the wntbber water. The 

dber water and wlidr are directly dirchargsd into a unitaryrewer according to a permit 

isrued by the Williamrport Sanitav Authority. 

Streams relected for sampling include the rly, the r4 quench water, the mrubber water, 

and sunpler of the inlet water rupply and coal supply. The 14 wu selected because it will be 

dirposed in a landfill, and permitting problems may m-ise if the wrote hu not been fully 

chamctarized The alag quench w&r w” rrlected to determine tbo concentration of rubstancer 

which may leach into the water while the alag ir king cooled. There is one in&e urn&g tee 

for extruting water samples prior to sewer dispoul. This rnuwIr water was sepamted into two 

rtreamr by filtadnp the wrubber water to obtain tbr scrubber nolid@ md the filtered water. 

Finally, inlet water and coal umpler were taken for compariron puaponer. The inlet altar mutt 

be characbdud to detannine the extent to which con&uenta in tbr dag quench w&r and the, 

scrubber water can be attributed ta thi wmbuation proerr and which were already prerent in the 

inlet water. Thir tie procedure VU tued for the wbdr by wllecting and u&zing the con1 

being burned and comparing thwe propatios to the measured cbaracterirtic~ of the r4 and tly 

arh. 

Environmental Rerourcrr Management, Inc. (ERM) of Ext+ Pennsylvania wan 

rubcontracted to conduct the umpling effort The umpbng team wu on-rite for 8 twodrty period 

during the second week in February when Coal Tech wu conducting operational tar&. ERM 

prepared a sampling plan which ‘ts provided in Appendix A. Tbe following rubsectionr provide a 

dercription of the rampling methodr, the operational &ta collected and the packing and &hipping 

procedures for delivering rmple~ to the analytical I&oratory. 
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As described above, there are six streams from which samples were taken: 1) unburned 

coal, 2) inlet w&r. 2) slag. 41,slag quench water, 5) scrubber soUds,~and 6) scrubber water. During 

the test run, ERM collected samples from each of these streams for later laboratory analysis. All. 

samples were collected in 500 ml Teflon@ bottles and purged with nitrogen tc maintain sample 

intsgrity. Bulk samples also were tiii en of the slag and coal. Details of sample collection for each 

waste stream nre provided below. 

Inlet water samples were.collectsd from a facility water supply line located upstream of the 

advanced coal utilization processes. Two water samples were collected each day in 500 ml 

Teflon@ bottles. The bottles were purged with nitrogen tc prepare for shipment Each sample was 

collected, 100 ml at a time, in 16-minute intervals. 

Solid slag samples were collected in both small analytical samples and a large bulk 

SW+? of 175 pounds (79.5 kg). For the, analytical samples, approximately .3 pounds (1.4 kg) of 

slag was collected, thoroughly mixed, snd,then equally divided into two 500 ml Teflon@ bottles. 

TWO ant$yticaJ samples were collected each day of the sampling effort. The bulk sample ww 

collect&over a two-day period in ‘triple layered tmsh bap~inside two large 60-quart (75.7 I) 

coolers. .’ 

Samples of the water from the slag quench tank were collected with a s&inlesn smel IFdIe: 

Ladle samples of about 100 ml were taken at 15~minute intervals ,md transfencd into two 5S6 ml 

bottles. Sampling wntinued until both bottles,were filled. The bottles were then capped,~ purged 

with nitrogen, and labeled for shipping. A second set of two 606 ml bottles was collected the second 

day of sampling. 

Wnstc ikom the scruhbsr, which is typically fly ash suspended in water.-was separated into 

two .sample streams. Coarse (20 mm) filter paper, was used, and one, 600 ml bottle of solids was 

collected each sampling dny. Two 600 ml bottles of filtrate were collected each day. All of the jars 

were purged ,with nitrogen and labeled appropriately. 
. 

A coal sample was collected, the first day of sampling. A five gallon (16.9 I) bucket was 

filled with coal by the coal supplier and sealed by ERM personnel. The coal is supplied tc Coal 

Tech in a pre-pulverized form. 
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Operating data for key p&r&meters else were collected during the test program. The 

parameters meoeured included rlsg flow r&e. scrubber writer flow rate, boiler load, boiler steam 

pressure, boiler stenm temperature, end oxygen and carbon monoxide levels in the exhaust gas. 

Data were collwtad hourly throughout the sampling procexs. Appendix B provides the table of data 

collected during scmpling. Some of the other parameters listed on the table could not be completed 

due ta the wnfidentinl nature of the demonstrntion. 

Snmplee were shipped via Federal Express to the University of North Dakota Energy 

Besearch Center for enalyds. The analytical campleo comprixing 18 600 ml Teflon@ bottles were 

pncked into a lcrge SO quart (75.7 I) cooler. The samples were surrounded with ice pncke and 

venniwlite to maintain the temperature nt 4’C. Two other 6Oquart (75.7 1) coolers were used to 

ship the slag samples which were aleo shipped on ice. The coal wns sent in A 5-gallon (16.9 I) 

bucket. The chain of curtcdy reporta and shipping reporta (tratfic reports) are provided in 
Appendix C. 

The sampler obtained f&m the Coal Tech slagging cyclone combustor nre being anxlyxed 

at UnivCrsity of North Dskok Energy Research Center. A comprehensive set of physical and 

chemical teata m being conducted on these samples. These are pnsented in the form of flow 

G~arts in Figures 2 and 3, respectively. Figure 4 provides more details of the ASTM Water 

Extraction method lirted in Figure 3 es one of the chemical charac&rixxtion teat ta be conducted. 

In Addition. testing will include the standard BCBA haxnrdous classification testd end qualitative 

testa for organice. 
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EER - COAL TecEf CORP.. 
COAL SLAG ik WASTE Wa SAB5.ING 

W.O.# 972.01.00.01 
FERRUARY lwo 

The U.S. Department Of Energy (DOE] is conductluga sumcy/evaluaUon of 
sltematlve coal b-g tecbnologles around the country. As part of that 
program. the DOE contracted The Energy and Emimnmcn tal Research 
Corporation (ERR) to sample the Waste pmducts tirn &re of the most 
promising alternative coal te&nology ayrrteme. EER has sub-contracted 
Environmental Resoums Management. Inc. ERMI to do this sampling at 
the one site in Willtamsport. PA The coal bumtng pilot plant is being IUII by 
Coal Tech Corp.. on the plant property of the Keeler/Dox~-Oliwzr company. 
‘Ibe technology being demonstrated is called a Sla@@g Cyclone Combustor. 
Coal Tech Corp. will be conducting a test run for one week - probably the 
second full week In Februaxy. During this test xun. ERM will take analyUcal 
samples Tom tbe coal slag. the ‘raw’ inlet water. the quench water. and the 
fly ash scrubber water. and send-them to the Untversity Of North Dakota 
Environmental Research Center (‘UNDERC) far analys&. ERM will also 
collect a bulk sample of the slag. and of the njr ash water for further testing 
at the UNDERC. ERM must also record many opera&q amdillon data 
during the samplfng event and report them to EEFL A brief finsl report of 
the field work will also be completed and sent to EEZL 

VI-12 
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Directions 
It takes apprtximately three hours to get to the Coal Tech site !ium the 
ERM warehouse. From the warehouse. take RL 202 N. to RL 100 N. to the 
PA Turnpike. heading West. Get off the Tumplke at Exit 19 - -burg 
East”. Follow the signs for Rts. 322 & 22 West - tDward YState College”. 
Follow 22 8x322 aa-oss the Susquehanna River. Witbin a xpile after crossing 
the river. get onto Rts. 11 & 15. headed North -toward Seihnsgmve. A few 
miles North of Selllnsgmve. lUs. 11 & 15 spllt. Continue fillowing RL 15 
North. all the way into WIlliamsport. “Note: Do nottake the “Downtown 
wilusmspolt” erdt off of RL 15. - v Asyouaosstherlverinta 
Wllliamsport. you will see the KeelerlDorr-Oliver plant tim the bridge on 
the left. Follow RL 15 to Hepburn Street - now the plant will be on the 
right. Go to the left side of the tiont of the plant that is where the pflot 
plant ls located. Look for a smallish buildingwith tfvee.smaU &a@~ on top 
of it. 

Call Dr. Bert Zauderer at~(717J 326 - 3361 ad 5156 atthe WllUsmstown 
site the day before the ssmpltng ls scheduled to begin. Make certain that 
the process is up and mnnlng, and that Dr. Zaudasu is aware that we will be 
there to sample. You must have a signed copy.of the Nondisclosure 
Agreement before Dr. Zauderer wAll answer 
help. 

anyguestlona.or@~youw 

Cdl Frank Beaver at (701) 777 - 2669 at the Univ. Of North Dakota. He is 
our lab contact.. and needs to be notitled when the sampling is taking place. 
so that he can be prepared to receive the samples. 

Ss=Plln8 
There are four locations at the plant, from which samples will be taken. The 
‘solid’ slag sample will be ta&n off the axweyorbeltthatbrlngsitouttim 
under the coal furnace; through the quench water. ‘I& quench water will 
be sampled directly &II the pool into which the hot slag fUls, under the 
coal furnace. The 5y ash scrubber sample will be takea kop a tap located 
outside the furnace building. next to the main plant buikUng right next door. 
A ‘solid’ flyash sample will also be collected iiwn that sampling location. 
The last sample will be a raw water sample taken &om somewhere in the 
plant, before the water enters any of the coal processes. 

VI-13 
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Each of the four locations will be’ sampled for the snsim parameters at . 
two different times during the day, when the oparatlng data are all about the 
same. Each sample will be collected in duplicate 500, ml. volumes: Oni bulk 
slag ~sample will be composlted over a six hour period. for a total of 100 
pounds,. A bulk sample of the fly ash ‘Will be collected by periodically be 
talcfng and ffltering the fly ash water ovizr i six hour period, and the 
resulting flyash ffltered out of the water will be composite-d. for a total of 
500 ml. of solid sample. 
Equipment 
Reserve the necessary equipment. ll&d belmv,.with Dieter at the 
warehouse as early before the sampling eve&as Eossible. 
Coolers/ Ice packs Spedal sample jars CTeflonQDl 
S/S ladle w/ extension handle & spoons Plastic sheeting 
Paper totis 
Bottle labels i?z pens 
Nltrlle gloves 
Hsdhats 
Ear plugs 

-bage 
sLlrglcalgloves 
clothgloves 
safety@=- 
Scrub bucket & brush 
DMlUed watu 
m~a.tlngulaha 
Nitrogen tank - for samples 
Field book 
&UllpliDgandH&SPlans 
Bottleoverpacks 
FediX f& 
zip-lock bags 
ililliporeQ fflfier mitt & fflters 

Liquid soap & other decon solutions 
First Aid kit 
Scale - to weigh samples 
Tools - Knife 
lhfnc Reports i% COC’S’ 
Flash light 
Vexmic~&te & other packing SupplIes 
Cooler custody seals 
Stainless sted spatulas 
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Bottle List 

18 - ,500 nil. Teflon@ bottles have been specially prepared by Dieter for ~li-:s 
project 
1 - Large Coleman@ cooler will be needed for the bulk sample of the ‘siag. 
as well as three large trash bags 

500 ml Teflon@ Sample Container 

Nitrogen~ml Port 

Removable Container Ed 

VI-15 

4 
I- -,- 

&it 
.kD(A 



SampRng xustrnctiolle 
DDeratfm Condition : The informatton in Table One m be completed 
each hour during which samples are collected. Ask Dr. Zauderer for help in 
where to obtain all the necessary information. 

Sol~~~shg hall: Grab four or five ounces every five minutes 
from the slag conveyor with a stainless steel spoon or scoop. Thereby. 
approAmately three pounds should be collected in about My minutes. Place 
the three pounds of slag onto a new. clean plastic sheet. Fold over the 
comers of the sheet. and roll the slag back and forth until it is thoroughly 
mixed. Nub equally divide tbe slag sample into two 500 ml. Teflon@ jars. 
Follow the attached lnsU-ucUons to .purge the jars wtth Nitrogen. label them. 
and pack them for shipment to UNDERC. At another Ume. at least three 
hours later m the day. when the operattng data sre stmtlar to those during 
zhetfirst sample. collect a second sample in m tbe same manner as the 

m The rate at wblch the fumace generates slag will 
directly determtne tbe rate at whtch It will be collected for the bulk sample. 
It may take six. or more, hours to get MOrpounds. even if sll of it is 
collected for the sample.’ Collect the &iple dtrectly off the conveyor belt, 
Into triple layered trash bsgs tnside a large Coleman(B cooler. If tbe flow of 
slag Is higher than anticipated. skaply divert the slag .mto another collection 
basfn. so that you collect between fifteen and twenty pounds of slag per hour. 
Make certah that the rate at which you collect the sample. and the way you 
collect it. remsln fatrly constant throughout the six hour period. Therefore 
the slag flow rate should be checked and recorded hourly, as should all the 
other operatlng condition data. 
Having collected the 100 pounds of slag. securely close the plastic bags, use 
vermiculite. if necessary, seal the cooler with appropriate Chain Of Custody 
and Traffic Report forms included, and label the cooler for shipment to 
UNDERC. 

e The raw water will be collected for the 
analytical samples only. The &eral protocol for this sample will apply to all 
the water samples. Wearfng surgical gloves, collect 100 milltliters of the 
water in qch 500 ml. bottle from the raw water tap. Do this every fifteen 
minutes. unttl the bottles are med. which will take one hour; Havtng filled 
the two 500 ml. Teflon@ jars. Follow the attached insinmUons to purge 
them with Nitrogen. label them. and pack them for shipment to UNDERC. 
At another the. at least three hours later in the day, when the opemtlng 
data are similsr to those during the tit sample. collect a second sample fn 
!zsctJy the same manner as the first. 
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: Overasixhour 
period. we need to collect approximately 500 ml. of filtered @ash. It must 
be determined in the fleld hoti often.~and~how much of the flyash discharge 
water needs to be collected and ffltered’ in order to collect the required 
amount. Using the course (20 -1 fflter paper. throughout the collixllon ,0f 
the composite water. filter enough water through the Milllpore@ filtration 
apparatus to collect at least 500 ml. of solids. over the six hour period. 
Carefully remove the ffltered solids from the fflter paper. scraping them into 
one bf the specially made 500 ml. sample containers. betug careful not to 
Include any of the fflter paper in the sample. A&r filling one jar with flyash. 
follow, the attached instructtons to purge it with Nttmgeu. label It and pack 
it fcir shipkent to UNDERC. 

For the flyiish water analytlcai 
sample, split volumt%s between two 500 mL Teflon@ jars. Collect and fflter 
200 ml.of the flyash water evexy Bfteen minutes. snd split the filtered 
volume between the two TeilonQ, jars. I-Ming !Xkd thejars in 
approldmately one hour, follow the attached instrucUons to purge the jars 
wltb Nltrogen. label them. and pack them ‘for shipm&to UNDERC. At 
least three hoi-s later, under similar operattng condiUons as the first 
sample, collect a secorid sample in e the same manner as the first. 
Quench Water: s: The qunrch water; through which the 
slag travels in ordizr to cool, will be collected only far the anatyUc+ samples. 
IJsing a &sinless steel ladle, with a five foot extenalon handle. carefully 
collect 200 milliliterzi of the water every &Ieen minutes. Placing 100 ml. 
Into each container will fill the two 500 ml. Teflon@ jaks in one hour. 
Hmlng filled the jars .follow the attached instnxtious to purge them wltb 
Nitrogen. and then label and pack them for shipment to UNDERC. At 
another Ume. at least three hours later fn the day, when the operatrng data 
are similar to those during the first sample. collect a second sample In 
sisa& the same manner as the fhst. If you cannot get a direct tiding of 
the quench water flow rate, approximate it from the discharge port. or in 
some other way. Record that 5ixv rate. as well as all the other operating 
condition data. once an hour 
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Nitrogen Purging. h?xUhgAnd PackbgInstrpctloas 
All samples collected into the specially made 500 ml. Teflon@ jars must be 
purged. with ‘Nitigen as soon after sample collection is completed as 
possible. This is done by attacbmg the hose from the Nitrogen tank to the 
specially fitted port on top of the sample container. With the hd loosely 
held on the jar, and the bsil.valve below the gas f3ll port open. start a light 
flow of gas into the jar. holding the lid so that the air in ,the jar can escape. 
and be replaced by the Nitrogen.. After letttng gas flow over the sample for 
several seconds. begin screwing the lid onto the jar. and &p&ap.eousl~ turn 
off the gas flow. Be very careful not to overfill or damage the jar with ” 
excessive gas pressure. Close the ball valve below the gas i3ll port and’tben 
remove the Nitrogen m line Tom the top of the jar. 
Next. label the jar with the project name and number. the sample locatlon.~ 
ERM TrafBc Reportnumber. date and Ume of sample location. initials of the 
samplers. and be sure to note whether it is an armlyUcsl or bulk Srunple. 
Place the jar inside a zlplock bag, and then that inside the pmtecUve four 
inch PVC sleeve. Place the entire unit lnto the cooler. and keep It cool with 
ice packs until sl.l the samples’are collected, and the whole cooler is ready 
to be packed for shipment to UNDERC. 
When packing the cooler, remove the Ice packs. .and place enough 
vermiculite around the bottles to’make certain that they are unable to shift 
or move dming transport. Pack nrmtcultte across the top of the contalners. 
leaving enough room to replace one layer of ice packs. After including the 
ice packs. pack any mmaining space with vermlcuhte. and make sure that 
notblng can sblft during shipment Seal the ‘lIatBc Report and Chain~Of 
Custody forms mside the cooler. with the corresponding samples. Sign at 
least two ERM Custody Seals and use them and clear packing tape to seal 
the cooler. Attach the Federal Express forms and a matltng label to the top 
of the cooler., along with ‘Fragtle’ and ‘Handle With Care’ suckers. The i 
cooler should then be ready to be taken to the, Federal Express office. 
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For’ each analy~cal sample and bulk sample. sn ,ERM Tra& Report must be 
filled out. ln order to help In the tracldng of the samples. List the analytical 
samples as “Analytical Samples”. and list the others as “Bulk Samples”. 
Chain Of Custody must also be maintained and filled out for the samples. LLst 
the bulk samples on separate COC forms. but you may put all the analyticsl 
samples on the same COC form. 
There sre no travel blanks. nor any other QA samples to be submitted with 
these samples., There Is also no data package to request. 

SUPPing 
All samples will be shipped. appropriately packed (see attached 
instructions) in Coleman@ coolers, via Federal Express to the following 
shfpplng address: 
University Of North Dakota 
Eneqy And Envkonmental Research Center 
15 :North 23rd St 
Grand Forks, m 5820! 
Attn: l3zd&ea& (701) 777-2869 
The nearest Federal ExPress office is .located at: 
415 Ah-port Rd.. Montoursville,, PA 
You will have to drop off the samples at that Federal Express location. 
Directions: 
Take I-180 South or East to the Montouxsville udt Follow the signs to 
Airport Rd. Fed-X is supposed to be l/4 mile down A&port Rd. 
ERM’s Fed-X account t: 1288-9719-4 ERWWarehouse 208 Csrter Dr.. Unit 
174 West Chester, PA 19362 . (215) 430 - 0632. 

Because most samples are being collected directly into the sample 
containers. there is very little equipment that needs to be deconned. In 
fact, the only item needing cleaned before sampkg, and between the two 
sets of samples will be the ladle for the quench water analytical sample. 
Thoroughly decon the ladle with a soap scrub. tap water rinse. 10% nitzic 
acid rinse. DI water rinse. methanol rinse. DI rinse. acetone rinse. DI rinse. 
and then let it air dry. Rtnse it once more with DI water before begkmlng 
anySs=Pllng. 
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Special Considerations 
Because we’are sampling during a test run at a pilot plant. please try not to 
Interfere or bother the site personnel too much. Also, since this is a test 
run. various hazardous situations may arise. Eeep alert. and always be ready 
to get out ‘of sway of the site personnel, whenever necessary. 
There is quite a bit of noise inside the boiler. building. so it is recommended 
that hearing protection be worn. Be careful of hot slag and quench water as 
you are sampling. or working near it, Safety glasses and hard hats are 
required to be worn whenever you are inside the boiler building. Use clear 
glasses: it is fsArly dark inside the building. 
contact Pcrsonncl 
Frank .Holtnes.- ERM -, (2151 524 - 3523 
Chris S. Goss - ERM - (215) 430 - 6219 
Al Funk - ERM - (215) 524 - 3514 
Dr. Zauderer - Coal Tech - (215) 667 - 0442 

Wihtamspofi Site - (71i3 326 - 3361 ExL 5156 
Sue Agrawsl - EER - (9191 469 - 1726 
Jerry Harness - DOE - (304) 291 - 4635 
Frank Beaver - Lab contact - (701) 777 - 2669 
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'INORGANIC ANALYSES 

Water Samples 9154-01, 9154-02, and 9154-03 

Coal Slag 9255-01 and fly Ash 9255-02 

Clean Coal Technology Samples Received February 14, 1990 

Samples were received packed with ice, in nitrogen purged teflon 
containers on February 14, 1990. This method of storage and shipping is 
acceptable for the inorganic parameters requested. A copy of the sample chain 
of custody received with this set of samples is attached (Attachment 1). ,The 
samples received are detailed on this attachment. Four containers of each 
,water sample and two containers of each solid material were received. The 
materials were sampled on consecutive days with two containers of the water 
samples and one container of the solid materials taken each day. Before 
beginning the analyses on these samples, the appropriate samples were combined 
resulting in 'a set of five samples for organic and inorganic analyses. An 
aliquot of each of the original samples has been retained in our laboratory 
-for future reference. The combined samples, two solid samples and three water 
samples, were analyzed for the requested parameters listed in Attachment 2. 
It should be noted that the solid materials appeared wet on initial 
observation. but although visually the liquid appeared to be a significant 
amount, no water could be separated physically from the solid by the 
technique described in the TCLP sample preparation procedure. The,analytical ', 
results on the combined samples are listed on Attachment 3. 

The leaching procedures used on the combined solid materials were the 
Toxic Characteristic Leaching Procedure (TCLP) which has recently become the 
official regulatory leaching procedure required for hazardousness 
characterization of solid materials, and.the Synthetic Groundwater Leaching 
.Procedure (SGLP), developed as a supplementary and comparable leaching 
procedure applicable to monofill disposal sites. The official protocol for 
the TCLP leaching was followed. The SGLP utilized the same general protocol 
as the TCLP with distilled water substituted for the acetate buffer used-in 
the TCLP. 

The important phenomena to note in the inorganic analytical data from 
leaching tests are the differences between the TCLP and the SGLP results. 
Arsenic, selenium, boron, barium, chromium, and lead were apparently present 
in the fly ash in acid soluble phases, thus producing higher solution 
concentrations in the TCLP test which utilizes acetic acid in the leaching 
solution. The coal slag leached greater amounts of barium and chromium in the 
TCLP test. The higher solution concentrations of select trace elements are 
not always the case with the acidic test in comparison with an alkaline 
leaching. The ultimate leaching solution concentrations depend.on phase 
locations of trace elements and can differ greatly.in different types of coal 
ash. These leaching data strongly indicate the need for the use of leaching 
tests appropriate for prediction of leachate quality. Although these data 
would tend to support the use of the TCLP as a worst case scenario this is not 
always the case. 

None of the wastes contained concentrations of'regulated elements high 
enough to be considered hazardous. 

The wastes were also non-ignitable. 
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Leachage Analysis 
EER/Coal Tech 

TCLP and SGLP Leachates 

Sample ID Coal Slag 
SGLP co:2LSp1ag 

FgLfh Fly Ash 
TCLP 

Leachate Leachate Leachate Leachate 

Lab Number 39122 39122 39123 39123 

Parameter 
;;;mc ug/l <2 

2: 
4.5 172 

<.02 .43 .22 
Cadmium <.02 <.02 <.02 <.02 
Chromium <.02 .49 .04 .25 
Lead ug/l <IO Cl0 (10 (10 
Mercury ug/l <3. <3 
Selenium, ug/l t2 <2 3s i”z 
Silver ug/l 
W&denum 2: .o': .:A .z 

<.05 <.05 <.05 1.2 

Final pH 9.99 4.95 12.07 4.84 

* all values are mg/L unless otherwise noted 

Liquid Analysis 
EER/Coal Tech 

Sample ID Quench H,O Raw H,O Filtered 
Scrubber Hi0 

Lab Number 39119 39120 39121 

Parameter 
;;;;;c w/l 

0.;: 
Cadmium <0.02 
Chromium <0.02 
Lead ug/l <lO 
Mercury ug/l 
Selenium ug/l :: 
Silver ug/l 
Molybdenum 0.;: 
Boron to.5 

0.2 
2.2 

0.10 
to.02 <0.02 
to.02 to.02 

t10 <21 
t3 c3 
t2 56 

0.2 0.;: 
<0.5 <0.5 

l all values are mg/L unless otherwise noted 
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. Solids Analysis 
EER/Coal Tech 

Analysis from LiBO, Fusion-All Values Reported as Moisture Free 

Sample ID Coal Slag. Fly Ash 

Lab Number 39122 39123 

Parameter 
% Moisture 
% LOI 
% so. 

10.40 58.38 
<.Ol 40.71 
2.76 6.85 

% Sii, '27.7 19.7 
% Al,O, ' 22.5 11.8 

% Fe,O, 22.2 % CaO 23.9 1::: 
% Mgo 
% Na,O 
% K,O 

1.4 

i:: 
t: 
0:s 

CN-ppm/sec. 
H,S ppm/sec. .072 

.0001)4 

.00057 

* all values are mg/L unless otherwise noted 

Solids Analysis 
EER/Coal Tech 

AR/HF Digestion-All Values Reported in ug/g 

Sample ID Coal Slag Fly Ash 

Lab Number 39122 39123 

Parameter 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 
Molybdenum 
Boron 

50.. 1 2.1 
227 307 
7.3, 13.8 
147 10,720 

47.3 t2 
<.6 

1::; 1.4 
.24 <.2 
206 379 
420 538 

* all values are mg/L unless otherwise noted 
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ORGANIC ANALYSES, April, 1990 

Water Samples 9154-01, 9154-02, and 9154-03 

Coal Slag 9255-01 and Fly Ash 9255-02 

Summary 

The coal slag, fly ash, and each of the water samples were extracted and 
analyzed for the target compounds by a contract lab and by the GC/MS lab at 
EERC. None of the samples had significant concentrations of the target-list 
analytes (provided by Jerry Harness). Additionally, a broad-spectrum organic 
analysis also showed only trace concentrations of target list and non-target 
organics. Detection limits for the analyses were typically 0.1 to 10 ppb 
(ug/L or mg/kg) or less for the test compounds. 

Aooroach 

Each sample was analyzed according to the protocol described in the 
memorandum from Frank Beaver to Jerry Harness dated 4-11-90. Contract lab 
analyses were performed according to EPA methods SW-846 8240 (for the 
volatiles from liquids and solids), method 625 (for the semi- and non- 
volatiles from the water samples), and method 8270 (for the semi- and non- 
volatiles from the solids). In order to validate the contract lab results, 
and also to survey the samples for additional non-target analytes, extracts of 
the waters were prepared and analyzed at the GC/MS lab at EERC, and the solids 
extracts from the contract lab were analyzed at our GC/MS lab. Because of the 
lack of 'any signifacant target-list, or non-target species, no additional 
studies (e.g., leaching) were performed on these samples as outlined in the 4- 
11-90 memo. 

Results 

Water Samples: 

The results of the contract lab analyses are shown in Attachments I and 
II. Note that the reported "less than" values are higher than the "Target 
Detection Limit" values for the semi- and non-volatiles. This was because the 
water samples that were provided to EERC were too small to achieve the desired 
detection limits. However, all three samples were essentially free of the 
target-list organics down to the detection limit concentrations (ca. 1 to 10 
ug/L for most species) as shown in Attachment I. 

The samples were also not collected and stored properly for volatiles 
analysis, which could have resulted in the loss of the volatile organics. 
Thus, the values in Attachment II may be artificially low. However, since all 
three samples were essentially free from the target list analytes, it is 
unlikely that they originally contained high concentrations of the volatiles. 
Only one sample (Raw Water) had significant concentrations of one target-list 
organic, 8.6 ug/L toluene. 
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GC/MS analyses of the water samples performed at EERC had detection 
limits similar to those shown in Attachments I and II. In general, detection 
limits for non-target analytes would be expected to be ca. I-5 ug/L. Only a 
few non-target organics were identified in the samples, and none had 
concentrations over a few ug/L. Our GC/MS analyses did confirm the toluene 
found in the Raw Water, and also identified traces (ca. 1 ug/L) of C2- 
alkylbenzene isomers, as well as very low concentrations of C7 to C9 alkanes 
(ca. 1 to 3 ug/L). Additional species that might be expected to be present in 
such waters (e.g., pyridines and other N-heterocycles, thiophenes, furans, 
benzo- and dibenzofurans, phenols) were not detected. 

Coal Slag and Fly Ash: 

Both the coal and fly ash samples showed no significant concentrations of 
the target analytes except for low concentrations of bis (2-ethylhexyl) 
phthalate (Attachment III for volatiles and Attachment IV for semi- and non- 
volatiles). Since phthalates are ubiquitous plasticizers, the source of this 
phthalate ester is almost certainly not the coal slag or fly ash, ,and it is 
likely a contaminant. However, it was present at only very low concentrations 
(< 1 mg/kg), and should not be of concern. No target volatiles were detected 
(Attachment IV). GC/MS analyses of the extracts failed to detect ,any of the 
target-list or non-target species. Detection limits for the GC/MS analyses 
were estimated at ca. 1 mg/kg (ppb) for most species. As was the case for the 
water samples, no'PAHs or additional species that might be expected to be 
present in coal waste solids (e.g., pyridines'and other N-heterocycles, 
thiophenes, furans, benzo- and dibenzofurans, phenols) were detected. 
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CD rnterpoll ATTACHMENT I 

lNTERPOLL L*BoaATORIES. INC. 
4% BALL RDID N.E. 
ElRCLE PINES.HlNNESOTASY)~..~SIS 
TEL:612 7115.6010 
FAx:6%2.7S6-iSS1 ,Warch 26, 1990 

University of North Dakota 
Energy 6 EnvIronmental Research Center 
P.0. Box 8213. Unlverslty Statton 
Grand Forks, North Dakota 58202~ 

Attention: Steven Hawthorne 

LABORATORY REPORT: 19154 
PURCHASE ORDER: 1274259 

SAMPLES RECEIVED: March 9. i990 

Sample Identtfication: 
Sample Type: 
Laboratory Log Number: 

EPA Method 625: 
Bls(Z-chloroethyl lether 

- Phenol 
,,2-Chlomphenol 
1.3-Oichlorobenzene 
1.4-Dlchlombenzene 
1,2-Dlchlombenzene 
81 a (2-chloml ropmpyl I ether 
n-N1 tmso-di-n-pmpyl ami ne 
Hexachlomethane 
n-Njtmso-dlmethylamlne 
Ni tmbenzene 
Isophomne 
2-Ni tmphenol 

- 2.4-Dimethylphenol 
B1 s(2-chlomethoxy)mcthane 
2.4-Dlchlomphenol 
1.2,4-Trlchlombenzenti 

- Naphthalene 
Hexachlombutadlene 
4-Chlom-3-mthylpheno\ 
HexachlorocyclopentadIene 

w/L 
w/L 
U9/L 
W/L 
w/L 
W/L 
w/L 
W/L 
W/L 
W/L 
W/L 
W/L 
w/L 
ug/L 
W/L 
W/L 
W/L 
w/L 
UP/L 
U9/L 
U9/L 

Target 
Detectipn 

Units Llmltl 

0.40 < 0.80 
4.2 < 8.4 
1.2 c 2.4 
1.8 < 3.6 
2.5 < 5.0 
2.1 < 4.2 
1.4 < 2.0 
2.9 < 5.8 
1.2 < 2.4 

14 < 20 
1.4 < 2.6 
1.1 < 2.2 
1.1 < 2.2 
3.5 < 1.0 
1.8 < 3.6 
2.6 < 5.2 
2.4 < 4.8 
1.5 < 3.0 
2.9 c 5.8 
2.4 < 4.8 
2.8 < 5.6 

Raw 
Water 

9154-01 

Ouench 
Water 

$tlSS-O? 

d 0.80 
< 8.4 
c 2.4 
< 3.6 
< 5.0 
< 4.2 
< 2.8 
< 5.6 
5 2.4 
c 28 
< 2.8 
< 2.2 
< 2.2 
< 1.0 
5 3.6 
< 5.2 
< 4.8 
r( 3.0 
< 5.8 
< 4.0 
< 5.6 

Filtered 
Scrubber 

Water 
9154-03 

c 0.80 
-z . .8.4 
< 2.4 
<’ .3.6 
< 5.0 
< 4.2 
< 2.S 
< 5.8 
< 2.4 
< 26 
< 2.0 
< 2.2 
c 2.2 
c 7.0 
< 3.6 
.c’ 5.2 
< ,4.8 
< 3.0 
< 5.6 
< 4.0 
< 5.6 

AN EOUAL OPPOWUNITY EMPLOYER 
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InterDOll LabOratories. Inc. 

Laboratory Report 19154 
University’ of North Dakota. EERC 
Page Two 

Sample Identification: Raw Quench 
Sample Type : Water Water 
Laboratory Log Number: 9154-01 9154-02 

Parameter 

EPA Method 625 (continued): 
2.4.6-Trlchlorophenol 
2:Chloronaphthalene 
Acenaphthylene 

- Acenaphthene 
DImethyl phthalate 
2.4~01nltrotoluene 
2.4~Din1 trophenol 
4-Nitrophenol 
2,GDinltrotoluene 

- Fluorene 
4-Chlorophenyl phenyl ether 
Dlcthyl phthalate 
1,2-Dlphenylhydrazine 
4.6-Olnltm-t-methyl phenol 
n-Nitroro-diphenylamlne 
4-Bmmophenyl phenyl ether 
Hexrchlorobenzene 
Pcntachlorophenol 

-. Phcnanthrene 
- Anthracene 

- Di-n-butyl phthalate 
- Fluoranthene 

Benzidlne 
- Pyrenc 

Butylbenzyl phthal ate 
3.3’-Dlchlorobenzidlne 

- Benzo(almthracene 
- Chrysene 

- Blr(2-ethylheryllphthalate 
Dl-n-octyl phthalate 

- Bcnto(b)fluoranthene 
i Penzo(klfluoranthene 
- Benzo(a)pyrene 
- Indeno(l.2.Scdlpylune 

Dibenzo(a.h)anthracene 
- Benro(g.h.1 lperylenc 

Units 

W/L 
M/L 
W/L 
U9/L 
W/L 
W/L 
W/L 
W/L 
w’. 
W/L 
W/L 
W/L 
W/L 
W/L 
W/L 
W/L 
W/L 
W/L 
W/L 
W/L 
w/L 
W/L 
w/L 
W/L 
W/L 
W/L 
W/L 
W/L 
W/L 
w/L 
W/L 
W/L 

z:;: 
w/L 
W/L 

ATTACHMENT I (cont.) 

Target 
Detection 

Llml t' 

1.9 
0.51 
0.07 

1.0 
1.0 
2.6 
2.3 
2.1 
1.0 
1.0 

0.40 
0.57 

2.4 
2.6 

0.7lj 
2.6 
1.9 
2.8 

0.40 
0.20 

1.4 
1.2 
14 

1.5 
0.90 

6.2 
1.8 

0.33 
2.5 
2.8 

0.99 
I.1 

0.39 
0.90 
0.08 

1.2 

< 3.0 
< 1.0 
< 1.7 
< 2.0 
< 3.6 
< 5.2 
< 4.6 
< 4.2 
< 3.6 
c 
c 0% 
< 1.1 
< 4.8 
< 5.6 
< 1.6 
4 6.2 
< 3.6 
< 5.6 
c 0.80 
-z 0.40 
< 2.6 
< 2.4 
5 20 
c 3.0 
< 2.0 
< 12 
.c 3.6 
5 0.66 
< 6.0 
< 5.6 
< 
c ::: 
+ 0.70 
< 1.0 
c 1.6 
< 2.4 

Filtered 
Scrubber 

Water 
9154-03 

< 3.6 < 3.0 
< 1.0 < 1.0 
< 1.7 < 1.7 
< 2.0 < 2.0 
< 3.6 < 3.6 
< 5.2 < 5.2 
< 4.6 < 4.6 
< 4.2 < 4.2 
< 3.6 ~< 3.6 
.z 2.0 < 2.0 
~< 0.60 c 0.00 
< 1.1 < 1.1 
< 4.6 < 4.6 
< 5.6 < 5.6 
< 1.6 'C 1.6 
5 5.2 < 5.2 
c 3.6 c 3.8 
< 5.6 < 5.6 
< 0.00 <' 0.00 
c 0.40 c 0.40 
< 2.6 < 2.6 
< 2.4 .z 2.4 
c 28 < 26 
< 3.0 < 3.0 
< 2.0 < 2.0 
< 12 < 12 
< 3.6 < 3.6 
< 0.66 -l 0.66 
< 5.0 + 5.0 
< 5.6 < 5.6, 
< 2.0 < 2.0 
< 3.4 < 3.4 
-5 0.70 -2 0.70 
< 1.0 .z 1.0 
< 1.6 < 1.0 
< 2.4 a 2.4 
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Interpol1 Laboratories. Inc. 
Laboratory Report W9154 
University tif North Dakota, EERC 
Page Three 

ATTACHMENT I (tiont.) 

Sample Identification: 
Sample Type: 
Laboratory Log Number: 

Parameter 

EPA Method SW-646, 62401 
Chloromethane 
Bromomathane 
Vinyl chloride 
Chloroethane 
Acroleln 
Acrylonitrlle 
Dichlorodifluoromethane 
Hethylene chloride 

- Acetone 
Carbon dl sul f lde 
l.l-Dichlomethene 
l.l-Dlchloroethane 
Iodomathane 
Dibromomethane 
1.4~Dlchloro-2-butane 
trans-1.2-Dichloroethene, 
Chloroform 
1.2~Dichloroethane 

- 2-Butanone 
l.l.l-frichloroethane 
Carbon tetrachlorlde 
Vinyl acetate 
Bro~dlchloromethane 
1,1.2.2-Tetrachloroethane 
Ethylmathacrylate 
1.2~Dlchlorcwopane 
trans-1.3~Dlchloropropene 
frlchloroethene 
Dlbromochlommethane 
l.l,t-Trlchloroethane 
Irichlorofluoromcthane 
l-2.3-frlchloropropane 

- Benzene 
cls-1,3-Dlchloropropene 
2-Chlo!-oethylvlnyl ether 
Bmmform 
2-Hexanone 

Raw Quench 
Water Water 

9154-01 9154-02 
Target 

DetCctlon 
U!J Limit 

3.2 
2.1 
1.6 
1.5 

13 
4.6 
3.2 
4.0 
50 

1.7 
1.6 
1.7 
2.0 
1.0 
1.6 
1.3 
1.0 
1.3 
2.4 
2.6 
1.1 
5.6 
1.6 
1.5 
3.0 
1.3 
1.2 
2.1 
7.5 
6.0 
1.2 
5.3 
1.0 

::i 
2.4 
,lO 

< 
< 
< 
< 
< 
< 
< 

< 
c 
< 
< 
c 
< 
< 
< 

< 
< 
< 
.z 
< 

< 
c 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

3.2 < 3.2 
2.1 < 2.1 
1.6 5 1.6 
1.5 < 1.5 

13 < 13 
4.8 < 4.8 
3.2 < 3.2 

20 20 
50 < 50 

1.7 < 1.1 
1.6 < 1.6 
1.7 < 1.7 
2.0 c 2.0 
1.0 < 1.0 
1.6 < 1.6 
1.3 c 1.3 
23 5.5 

1.3 < 1.3, 
2.4 < 2.4 
2.6 < 2.6 
1.7 + 1.7 
5.6 < 5.8 
4.2 < 1.6 
1.5 < 1.5 
3.0 < 3.0 
1.3 .z 1.3 
1.2 < 
2.1 < ::: 
1.5 < 1.5 
6.0 < 6.0 
1.2 < 1.2 
5.3 < 5.3 
1.0 < 1.0 
4.0 < 4.0 
2.3 < 2.3 
2.4 < 2.4 

10 < 10 

Filtered 
Scrubbe~r 

Water 
9154-03 

< 3.2 
< 2.1 
5 1.6 
c 1.5 
5 13 
c 4.6 
< 3.2 

,22 
< 50 
< 1.7 
< 1.6 
< 1.7 
< 2.0 
< 1.0 
< 1.6 
e. 1.3 
.c 1.0 
< 1.3 
< -, 2.4 
< 2.6 
< 1.7 
+ 5.8 
< 1.6 
< 1.5 
.x 3.0 
< 1.3 
.c 
< ::: 
-2 7.5 
< 6.0 
< 
< ::5 
< 1.0 
< 4.0 
< 2.3 
.z 2.4. 
c 10 
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Ititerpoll Laboratories, Inc. 
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Page Four 

ATTACWMENT II 

Sample Identiflcatlonr 
Sample Type I 
Laboratory Log Number8 

parameter u 

EPA Method SW-646. 6240 (continued): 
4-Methyl-2-pentanone w/L 
Tetrachloroethene UP/L 

- Toluene W/L 
Chlorobenzene w/L 

- Ethyl benzene w/L 
Styrene w/L 

- Total xylenes w/L 

Target 
Detection 

Limit 

9.1 
8.0 
1.0 
1.0 
1.0 
1.0 
1.0 

Raw 
Water 

PlSQlPl 

< 9.1 
< 8.0 

6.6 
< 1.0 
< 1.0 
-2 1.0 
< 1.0 

Fll tered 
Quench Scrubber 

Water Water 
9154-02 gso-03 

Respectfully submitted, 

9.1 
8.0 
1.0 
1.0 
I.0 
1.0 
1.0 

Senior Scienttst 
Or/lanlc Chemistry Department 

WAO/CO 
In+oicc Enclosed 
5 - .less than 

%he.,achleved detectlon limit Is higher than the tergeted detectjon llmlt because the 
volbme of sample rubmltted for analysis’+ approximately half that nowlly analyied. 

All analyses were perConned using EPA or other recognlzed methodologies. 
All units are on an ‘as received. balls unless otherwise Indicated. 
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GC; interpoll 
Ih-lERPoiL LAeOR4TORIES. INC. 
am BALL ROAD N.E. 
OlCLE PINES.MINNESO7A ssoo(4.1s1s 
TEL:W’716.6020 
FU:61zr786.78s4 

ATTACFENT III 

April 10. 1990 

Unlverslty of North Dakota 
Energy 6 Environmental Research Center 
P.O. Box 8213. Unlverslty Statlon 
Grand Forks. North Dakota 58202 

Attenttori: David Hlller 

LABORATORY REPORT: 19255 
PURCHASE ORDER: 1275281 

SAMPLES RECEIVED: March 30. 1990 

Sample Type: 
Laboratory Log Number: 

parameter 

EPA Method SW-846. 8240: 
Acetone 
2-Butanone 
Benzene 
2-Hexanone 
4-Methyl.2~pantanone 
To1 uene 
Chlorobenzene 
Ethyl benzene 
Styrene 
Total xylenes 

Target 
Dctrctlon 

m Limit 

w/Kg 5.0 
w/Kg 0.24 
w/Kg 0.10 
w/Kg 1.0 

0.91 m/Kg 
i$:: 0.10 0.10 

w/Kg 0.10 
w/K6 0.10 
w/Kg 0.10 

Coal Slag 
9255-01 

< 5.0 
< 0.24 
c 0.10 
< 1.0 
8. 0.91 
< 0.10 
e 0.10 
-z 0.10 
* 0.10 
c 0.10 

Fly Ash 
9255-92 

< 5.0 
.f 0.24 
c 0.10 
< 1.0 
* 0.91 
5 0.10 
< 0.10 
* 0.10 
< 0.10 
< 0.10 

AN EQUAL OPPORWNlTY EMPLOYER 
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InterDoll LaboratorIes, ‘Inc. 
Laboratory. Report n9255 
Unjverslty of North Dakota, EERC 
Page Two 

Sample Type : 
Laboratory Log Number: 

Parameter 

EPA Method SW-646, 8270: 
Naphtha1 ene 
2-Chloronaphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Di-n-butyl phthalate 
Fluoranthene 

: Pyrene 
Benzo(a)anthracene _. 
Chrysene 
Bis(Z-ethylhexyl)phthalatc 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Eenzo(a)pyrene 
Indeno(I,2,,3-cd)pyrene 

‘Dibenzo(a.h)anthracene 
Benzo(g.h.i)perylene 

WAO/cg 
Invoice Enclosed 
c = less than 

W/K9 
w/W 
w/Kg 
w/K9 
w/Kg 
mg/Kg 
w/Kg 
w/Kg 
WK9 
w/K9 
!WKg 
w/Kg 
w/Kg 
w/Kg 
w/Kg 
mg/Kg 
w/Kg 
w/Kg 
w/Kg 

,- 

ATTA~CHMENT .IV '. 

, 

Coal Slag 
925501 

Target 
Detection 

Limit’ 

0.050 c 0.050 
0.017 < 0.017 
0.029 -G 0.029 
0.033 -c 0.033 
~0.033 < 0.033 
0.013 c 0.013 

'0.0067. ., <0.0067- 
0.047 < 0.047 

'0.040 e 0.040 
o.osg '._ c. 0.050 
0.060 c 0.060' 
0.011,: c 0.01.1 
0.083 
0~.033, : 

0.31 
< 0.033 

0.057 c 0.057 
0.013 < 0.013 
0.030 -z a:030 
0.029 .E 0.029 
0.040 :c 0.040 

Respectfully submitted, 

Wayne c Olscin. - _. ~. 
senior sclentlst 
Organic Cheml stry Department 

Fly Ash 
9255-02 

< 0.050 
,< 0.017 
-G 0.029 
.< 0.033 
-z 0.033 
< 0.013 

0.0070 
< 0.041 
c 10.040 
c o.oio 
< 0.060 
< 0.011 

0,.26 
< 0.033 
c 0.057 
c 0.013 
,5 0.030 
c 0.029 
c 0.040 

All analyses were ,performed using EPA or, other recognited methodologies. 
All units are on an ‘as received’ basis unless otherwise indicated. 
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Traffic Report 

tipim: Whitm S “dbw sop*s~acum~~ lun@a shi~mnt ID -IO-y. YeSow 00~4 nrhd tv hbm~y. Whb copy to be m~lrrWd ID ERM Ior 
Nar. Pi11 copl ne-md by #am$aw. Gd6 mpy l m =PY .t madld @m-hw-). 
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Project W.O. Sample Concentration : 

Analyses I Method Requested 

Shipping Information 

Sample Locatlon 

I 0 Surface Water 10 Soil 

0 Ground Water m Solid 

0 Leachate q Other: &,I *ddtimd cmmm*: p+wiw,chm plslup. rush w*orl spciJ d8mSon hits. etc.) 

0 Sediment 5 1, 9 

Condttlon of Samples Received (to be completed by Laboratory Log-In.) 

mamples received intact 

DampIes at 4 degrees(C) 

mmples not leaking, 

Ee’ Namer numbers match as specified in Item 7 

tags match Chain of Custody 

with CustDdy S&s intact I@.f--- ,. amples contalned w-&In plastic bags 
‘i topie‘: wlii 1 Ydbw apie‘ .ooompmy Iam* *him”! m wmm~.’ Yoml am nfaimd by htamwy. whh9 mpy ID b ,mmwd L) ERU 

R*r. Pill copy “Yid by rmpln. odd copy .ma -=QY .I mded oJm-s*). 
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h -T.-c ,-- 

m !!L 

Project W.O. 

‘W-G 

Project Name/Location 

SSc41SIcI 

Sample Concentration 9sg-J 

@I Low Concentration 
- 

Traff it- Report 

EE(?I (,..I -r.,L ., .“W, ““LV, I 
J 

ll Medium Concenifatian - Ship to: 

SamplingPersonnelContacl o,:~,~:J C~M~,JI fi 1 I ‘qt. ,,,L4 I 
smc*r. ~I 

&Co*r tfls I m oF”p :n”,r*p-n RrT&4cc 1 p&a IA.- I 

n Other 
--L,k M.ln\Pr ! Y I 

(215) 524-3500 I Ann. n- 

@milc&u 
d7q\ L*mw 

lDur wwl 
2lPllw 

IbiN Numtal I 

, Appiox. Volume 

Analyses I Method Requested No. of 
Bottles Total Volume 

heI \.,-LmI SLA 2 hmLJ 

Date: 

Special Handllng (e.g. Safety ProceduresHazardous) 

q Surface Water) q Soil 

0 Ground Water 0 Solid 

0 Leachate 
*ddbd P: ~spacnf dam pdwa. r&l mh apea damsa smii. .I&) 

IXJmer: ProuH 

0 Sediment U~skr 

lT4Sinoles received intact 

Loflrson’s Signature 
./ 

mmples not leaking 

rr’. Contsmer numbers match as specified in Item 7 

It-v Container faes match Chain of Custody 

Et%ler received with Custody Seals intact 1 ITZnples con&d within plastic bags 
I 

caiir: wnii* L Ydbw mph .- ,.,,y,r,ipmtm*bonm,y. Y*armq/mmhdtybbnmq. Whhcopytebm~mmimERMlor 
rh‘. Pink opy n&-d by wnpkr. odd op)l l m =QY ” - (mnhouw. 
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Traffic ReDort 

cop*% wmia & Ydlar sopis .oownpy smnplr *pmnt t) hbt4mmY. YakI mw mminnd b, lmbonq. whh CUPY 10 b rmmad to Euk 
fks. Pink copy nmhd by rm@w. Gdd copl .m W l - Wnkour). 
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TM S-C ,.- 
EL ‘2 Traffic Report 

\ 

mples at 4 degrees (C) 

[3/SHmples not leaking 

tainer numbers match as specified in Item 7 

.lF- Contamer tags match Chain of Custody 

wer received with Custody Seals intact ( ffipres tinfained within plastic bags 

Copha: Whit. L “d!aw sop08 .-pmy aam@a ~hpmml ID hb--Mw. Y*ar ww mmbd bt hbomuy. Wnb WP~ 10 b nhmd 1~ ERM br 
fh. Pink w mtimd by -. Odd cow l ma ow u madad (mnhouu). JI-57 



Traffir? Report 

I Date: 211-51~a 

0 Surlace Water 0 Soil 

0 Ground Waler OfSolId 
*dblmd a4lmmD: (epuq dam plduca rush rnh wdd daus- Lmim. nrl 

0 Leachate q ~@~Fi\Ld F~IJ (;I- +,,I 20.,,,,. er\bcr 

nt / Flv9sk I 

Condltlon of Samples No&ad (to be completed by Laboratory LopIn.) 

es received intact 

wples al 4 degrees (C) Log-ln Person’s Signature 

Gples not leaking 

rkonlainer numbers match as specified in Item 7 

mtainer tags match Chain of Custody 

wler received with Custody Seals l&c! talned within plastic bags 
capis: Whil* 6 Y&w cap*. .coDmpy amp49 dt!+mmt 0 hbmmry. Ydav oop), nthmd by Ilb0nm-j. klh capy m b nunnd ID ERM lo, 

fh. PtimPynmi.u4byum*. GddcqBy*mmPYundad(HnkQIul. 
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Traffic ReDort 
. 

3’ 

0 Ground Water 0 Solid 

0 Leachate gOther: 51q, 
M&end can-: w~darn pcba@e. nmh wok. s$dd &ta&m Ii&s. HC) 

0 Sediment 

Condltlon of Samples Received (to be wmpleted by Laboratory Log-In.) 

mples received intact 

/ 

mSamples at 4 degrees (C) Log-tn Person’s Signature 

fimples not leaking 

montainer numbers match as specitied in Item 7 

mntainer tags match Chain of Custody 

wler received with Custody Seals intact &ples contained~within plastic bags 
ccpp*r: WM. & y~~lm ec+r mxarnpy *mp* ahipmml PD hbmtmy. Y*lar o~pl nOird by hbmory. Whh mpy 0 be n&mud m ERM for 

Rim. Pink sow ntaind by umdn. Gdd ODPY .x?wEVy” mdd I*nnhouU). 
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Tr9ff ir- Report 
-i 

Project W.O. i 

Project Name/Location 

c rel f-.-I T-,,/- 

Sample Concentration 

&/ LOW Concentration 

n Medium Concentration 

Sampling Pkonnel Contact Un;vur‘r , 
B 

I-c&.% cr,s4to*10” .f 

J I 
&Y”‘-n;&\ && ,L 

f&f 

Ann: f-l, d l&w+. 

0 Ground Water 0 Solid 

lo Leachate q Other ~-:~~m~,n*k~~p~d~~rm~.~) 

Condltlon of Samples Received (to be oonipleted~by’laboratory Log-ln.) 

dmples at 4 degrees (C) 

~ &mpks not leaking 

Log-ln Person’s Signature 

mntainer numbers match as spacifmd in Item 7 

mntainer tags match Chain of Custody 

wler received with Custody Sea& intact pi lZBZ&ples contained within plastic bags 
cop*.: whb . Yallw cop*. .campy umpu Dhbnml ID *bomay. Y&ON oopf nmhnd by htemcq.’ wnhm copy B ba Mmd b ERM d 

fka. Pirh-nidndbyumpk Odd~,m~und@d~u).~ 
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Ik a- 16 
Project W.O. - 

Traffic Repor 
Sample Concentration 1 13646 

I 
I I 

SamDIe LocatIon I I I 

Sample Descrlptlon 

0 Surface Water I 17 Soil I 

0 Ground Water 0 Solid 

0 Leachate &lOther:F;~ “;l~~~~~~du~-~‘~~~~--‘“’ 

Condltlon of Sampler Reulwd (to be complatad by Labontoy Leg-ln.) 

tiamples at 4 dagreee (C) 

dSamples notlealdng 

tainer nuinbnrs match as specified in Item 7 

JmMainer tags match Chain of Custody 

Cooler receiwd W&I Custody Seals intact lZ6mp4es conmined within plastic bags 

CLv4es: wIti* 1 Ydbw mph aaunpq Vnprrlh~D~. vall~lnh8d*Mnuy. wnmmpytobolMuMd*ERMh 
fh. Pwmpy-~amdu. QddmPY-anu~mwuH.~ 
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._. Traffic Report 
Project W.O. -~. ’ 

Project Name/Location 

Sample Concentration 211,30 - 
Low Concent&& 

- ‘I 
LE,r,-\ ( g,i[ T<,h 1 0. Medium Cdruerkation-, ., m Shlpto: 

Sample Matrix ‘. 

q Liquid , 1 0 Solid 

n Other 

Sampling Personn~iCbitati,’ u%,~+:L Q F Np~ o,l& 

-%f&r.. C.4 S,\o~,i, Envtvcnr oJ.,,l L&k 
9”‘f”,““,~r.,G delAS 

ph”“N”, (215) 524-3500’ 

I 

.~;~;,I L 7 kc.3 95 
W Shipdl 

2 ILI 9c 
(bita N”nlblr) 

Specify Type of Analyses, Number of Containers, Approx. Volume 

Analyses I Method Requested No. of 
Bottles, Total Volume 

n* \,&j SQ,& 2 IOCCha I 

Sample Locatlon 

R o\J \4. J-t v I 

I-J Surface Water1 0 Soil 

q Ground Water 1 I7 Solid I 
I 

- - 

0 Leachate 
Amliad,qnlmnb: le&ty *a pdqa. Mh wwk spud *,ubm lib. mc) 

mother: C;4 
0 Sediment h&,+ 

Condltlon of Samples Recehred (to becompleted by Laboratory Logln.) . 

amples received intact 

C’ Cwer tags match Chain-of Custody 

ooler received with Custody Seats intact Mples contained within plastic bags 
Copies: Whhs L Y.,bw c&or ampmy umph rhiimm! 0 bbntcyy. Y.Dw 0py nbt,d by bbamky. whh, copy 1~ b. n~~rnd ID ERM Ior 

Ydei. Pink cow nPind by ,a,,,+.,. Gold sopy .zm ‘SW .I m.k, (t.w.,wr.). 
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